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Your keenest competitor 
knows Tact no matter how well established 


his business may be, nothing can 





damage it more than better equip- 
ment and better methods in the 
hands of an aggressive rival! 

He also knows that unless YOUR 
equipment and methods are “up-to- 
the-minute”, YOU cannot continue to 
sell YOUR products at competitive 


prices. 











The Esterbrook Pen Company, manufacturer of 
the famous “Renew Point” fountain pen, knows 
that progressive methods and up-to-the-minute 
equipment are indispensable for the profitable 
production of a top quality product and the 
maintenance of competitive security. 


To combine Esterbrook's high quality standards 
with manufacturing economy, requires 100% in- 
spection with the best equipment available. All the 
elements of their pen points receive a 100% final 
inspection on Jones & Lamson Optical Compara- 
tors. The closest control standards are maintained 
to ensure the smoothest functioning pen possible. 


A $5,150 investment in Jones & Lamson Optical 
Comparators paid off with a $12,000 annual 
saving. The machines paid for themselves in about 
four months. 





ARE YOU EQUIPPED TO YOUR BEST ADVAN- 
TAGE? Write to our PRODUCTION RESEARCH 
DEPARTMENT for a free check-up on your present 
operations. 


Turret Lathes—Fay Automatic Lathes — Thread JONES & . 
Grinders— Optical Comparators— Threading Dies LAMSON cc —_— 


MACHINE COMPANY 
Springfield, Vermont, U.S.A. 


MACHINE TOOL CRAFTSMEN SINCE 1835 
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A UNIVERSAL SAMPLING 
DEMONSTRATOR 
W. P. KOECHEL 
Tung-Sol Lamp Works, Inc 


The cover photograph on this issue 
illustrates a versatile combination of 
jar, beads, and paddles for attribute 
sampling demonstrations 

Jar. The jar is transparent and 
therefore dramatically exposes the 
beads 

Beads. There is a total of 2000 
beads of five different colors in the 
jar so distributed that each color 
represents a different “process aver- 
age Thus there are %% brown 
beads, 1°) blue, ete. By announcing 
ahead of time which color bead is 
going to represent “defectives,” it is 
possible to demonstrate the results 
of sampling from many different 
process averages at a moment's 
notice. Beads are 10 mm wood beads 

Paddles. The paddles are three in 
number, and slide covers are avail- 
able for them so that various com- 
binations of holes can be exposed 
If, for example, we want to demon- 
strate the fallacy of detecting a 1% 
condition with samples of 5, we could 
use the 25-hole paddle with 5 holes 
exposed and then count any blue 
beads scooped up as “defective.” 

As a matter of interest, the curves 
in the picture represent the results 
of selecting a sample size of 50 and 
counting any blue beads as defective 
The plots represent the number of 
blue beads found in each “scoop” of 
50 


CHANGES AND CORRECTIONS 

FOR THE HAMILTON STAND- 

ARD LOT PLOT PAPER, JULY 
1950, IQC, pp. 15-34 


1. Page 18, column one, under III 
How to Handle Lot Plots”: in- 
sert “see Plate I.” 

Page 18, column three, line ten 

from top: Change parenthetical 

expression to read “(see illustra- 

tion in Plate I for Type 9).” 

0 Page 18, column three, line eleven 
from top: Change sentence to read 
Proceed as per last four sen- 
tences of (5) above at complete 
end if necessary.’ 

1. Page 21, column three, line eight 
of Section D: Delete the words 
Table B and Chart C, or Chart 
ie and replace these deleted 
words by the single symbol “R” 

». Page 29, column two, line three 
of bottom paragraph: Change the 
phrase in parentheses to read “Lot 
Plot or attributes.” 
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The new Bryant Internal Thread Gage 


will check parts 4 to 5 times faster! 





The new Bryant internal thread gage is based on the 
principle of a split plug gage. The plug segments are 
collapsed by a thumb lever and inserted into the threaded 
hole. When the thumb lever is released, the plug seg- 
ments expand to contact the internal threads in the parts 
being inspected. 

This new gage is portable, therefore, threads may be 
checked while the part is chucked in a machine, and it 
offers extra convenience when inspecting threads in 
large, heavy casting that cannot be moved conveniently. 

The Bryant gage is designed to give one accumulated 
reading of P. D., form and lead on the dial indicator. 


For the first time it is now possible to sort parts into 


MAIL THE COUPON FOR 
FURTHER INFORMATION 


Please send me complete details on 
the New Bryant Portable Thread Gage. 


NAME __ TITLE 
COMPANY 

STREET 

CITY STATE 


Mtn MAE WN 
ao ate 
f 
4 < 2 > 7 
~~ ’ 
* i 
Plug segments are col- Plug segments are ex- 
lapsed so gage may be panded to give full length 
inserted or withdrawn contact on all the threads. 


without threading. 


known classifications for fit (assemble-ability). This gage 
is used for the inspection of internal threads in a range 
from 5/16" to 1“ diameter. Interchangeable segments are 
easily attached to the gage to cover a wide range of thread 
sizes. These segments are made to the same tolerances in 
P. D., lead, and form as a Class ‘““W’"’ Master. The life of 
the segments is lengthened by the fact that the page 
does not have to be screwed into or out of the threaded 
hole — a partial turn gives a full reading on all the 
elements of all the threads 

Actual tests show that the Bryant portable internal 
thread gage will check parts four to five times faster 


than the standard plug gage! 








| 








BRYANT 


CHUCKING GRINDER CO. 
SPRINGFIELD, VERMONT, U.S.A. 
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Ford’s Interest in Statistical 


WM. H. SMITH 


Manager, Analysis Department 
Quality Control - Manufacturing Staff 


FORD'S CONCEPT OF QUALITY 


In talking of Ford interest ir 
Statistical Quality Control we find 


it necessary to go back and reco! 

truct ore of the thinking and 
reasoning that responsible for ou 
interest Thi involve a considera 
tion of quality if a voi ral ens 


ind its relationship to other chara 
teristi of a manutas 
ization 

Every product possesses quality in 


} 


ome degree The greater the de 
gree of qualit the higher the 
demand for that product. This fact 
has been expressed very well in the 
Opal Quality and Demand Go 


Hand in Hand We know that oul 


ales, and hence the security of ou 
Company and if employee are di 
pendent upon quality Upon that 


basi has oeen founded the entire 
Ford Motor Company Quality In 
provement Program 

Product quality from the consun 
el viewpoint ha been very aptly 
lescribed a that characteristi 
vhich distinguishe the product ol 


one manufacturer from that of othe 


n the same price cla If, for in- 
tance we had a choice betwee! 
two similat product we would very 
likely examine each of them for such 
things a moothne of finish quiet- 
nm ot operatior neatness of work 


mansh p, nicety ol detail, and othe 
characteristic Naturally we would 
choose the one that wa moothet 
quieter, neater and more detailed 
We vould ay that it wa ot a 
higher quality than the other And 
if we had an eve! vider choice we 
would choose the product with the 
highest quality 

It natural fo ill of u to want 
q ality in the things we buy And 
we dont want just plain qual ty 

ve want the very best quality ob 
tainable within our means. In other 
ord as consume! ve are quality 
mscious. We look for quality and 
buy quality wherever possible. The 


manutacturer who doesn't meet our 


6 


Quality Control 


C. R. BURDICK 


Supervisor, Chart Section, Analysis Department 


Ford Motor Company 


quality requirements just doesn’t 
get our business 

Now, if we look at this term “qual- 
ty” from the manufacturer’s side 
of the fence we see that we've got 
to produce quality or we won't have 
customer acceptance of ou product 

The automotive industry’s numbe1 
ome problem today is not only one of 
meeting the price and quality de- 
mands of an increasingly exacting 
and shrewd buying public, but is 
also a problem of foreseeing and 
providing for these demands well in 
advance. Product quality has often 
been described from the manufac- 
turer's viewpoint as an intangible 
thing which defi 


down to-earth prac tice ot shop ex- 


many of the 


perience Yet examination at the 
Ford Moto Company has proven to 
us that product quality is tangibl 
and definable that it has substance 

that it can be measured and con- 
trolled—that it can be planned I 
and attained 

Quality Control then would ap- 


parently be the mere mechanics olf 
controlling product quality the 
simple measuring of parts. How- 
ever, closer study reveals that mers 


mechanical control is not enough 
Accurate tools, modern equipment 
and precise ly deve lopec methods ars 
neffective unless the peopl n oul 
organization have the craitsmal 

urge to build a product of the high- 
est quality Therefore the Ford 
Motor Company defines Quality 
Control as a management philosophy 
which must be generated at the top 
ind promoted throughout all levels 
of our entire organization by con- 
stantly selling the 
craftsmanship and pride of per- 
? 


rormance oOo oul people 


PROMOTING QUALITY 
CONSCIOUSNESS 
In a Con pany a la ve a FY au 
s a tremendou undertaking We 
nave within the Ford Motor Con - 


pany approximately 137,000 em- 





Quality Control - Manufacturing Staff 


ployees This is exclusive of the 
infinite number of people in out 
vendors’ plants which has been esti- 
mated at upwards of 500,000. Ou 
approat h to them has been of neces- 
sity a mass promotion We have used 
every psychological angle in the 
book 3ut above all we have treated 


them like people should be treated 


with liberal praise for a iob well 
done, and with patience toleranc¢ 
and help when they needed it. The 
results of such a program are in- 
evitable. Good pe rsonnel morale and 


quality performance are cast in the 


ame dis To nave one you t 
have the othe: 

The first of our promotional pro- 
grams Was poster campa Th 
campaign was designed to bring the 
importance ot q iality periormance 
to the individual employee in terms 
ot job security pride of pertorn 
ance and coopt rative effort The 
posters are d played nm eve ae 
partment in the Ford Motor Com- 
pany. In addition, a great many ol 
our vendors display the same post 
ers in the ylant Interest in our 
program 1 especially good We 
know that it has played a b 2 part 
n making our people quality minded 
One poste! in parti ilar is associated 
vith a humorous incident ne o 
our Purchasing Offic One of ou 
vendors had apparently taken a 
gamble on qua it\ He called i 
b the bu ( to ¢ p I pse 
irom nor il De ) nance At tne 
ompletion of his « xplanat nis eye 
fel] on tne poste! displaved n the 


Purch: sing Office which had the 
capuol! “Dor t Gamble Vviln qQ ial- 


t\ Very quietly, ne \ te at the 
hotton t the | Ame 
Short te he the 
po ‘ Ca i ‘ pHNarKkKed Dar 
; ? ’ 
i q he 
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ood. 13,000 slogans were submit- MODERN METHODS FOR 


ted and judged. Without exception QUALITY CONTROL GRI PES 
the VY were ;j 1] very gt od and showed 
the — fo | think During the last 20 years the rapid 


ne eSults a iot or origi! nink- ne 

ng. The iudging of the entries was a developments in the automotive ir 
tough »b. However. the final winne dustry have been paralleled by 
Plant John eceived a nev Ford chines and equipment This ha 
car as first prize for his entry meant the continual refinement of 


‘Quality and Demand Go Hand-in- quality standards; higher degrees of 
Hand.’ precision in both workmanship and 
machines; and more accurate meth- 
ods of gaging and controlling prod- 


uct quality. New tools and inspec 


1On LaLves have heen developed 


paper only to the Quality Contro 
ipervisory pe} onnel in our vari- Another new note in the Ford 


' 


ous plants, but the general interest picture is the application of statisti- 





t]y reulating nearly quality In the past we have 


we are currel i Cl) se 
10,000 copies. The purposes of the achieved a reliable degree of quality Figure 1. 

lews” are mar moma them wr through the use of normal inspec- , 

New are many. Among them w om : lc | . -“, ingly the Quality Control organiz 

rn | to inforr ] lit *on- tion metnods jut these methods are 
can lst — all Quality ( - tion was set up in the following 
trol personnel of new development now recognized to have certain lim- on , 

. — 5 — ace — T} li] mannel The re are foul aepart 
tm oi' credit for vements te itations ley are like the story o . 

ee an | achievemen ' * 1 4] : ments: Quality Analysis, Standards 
nnour coming ¢ nt< the medical student anc the pro- 
announce . vent oer and Methods, Quality Laboratory 


fessor. The student, in reply to a 

Or November 8 1949, a Quality ' stion had 

Control Exhibition wi held in the ment for his imaginary patient. A 
' ¢ I , Tamu Wale alen , ; , pa 

De it Masonic Te pi Th Novy ittle later he got up and said Pro- 

was tne promot! al nighniight ol f or if I ma\ | would like to 

1949. More than 700 Ford Motor change my answer to that last ques- ; 

Compan\ ind vendor people vie ved { als late,” | 1 tl Pt divisions Statistical Quality 

mpany venaor | pi iewea ion oo ii ! 1e¢ e ro- , 
] 08 _— ' - Control is a function of the Quality 


: and Administrative These depart 
prest ribed a_ treat- 
ment are the coordinators of out 
quality organization and have fun 
tional supervision over similar de 


partments in each of the five operat 


, ios Mh ic hittin ' : 
aispla)s his exhib m snowed lessol your patient has been dead 
- of th outstandir a ‘ , ” , Analysis Department 
) r I ie pu Le j\4« I ve minute It i the same with 
nrovement ’ d mn our prod { { 4 1 
saat ~sl nade si l produ per on Only after the defective The adoption ol the statistical 
+} } ding of et n hette ' : 
ire ( yuLIG - a Crh 16 ‘ parts Nave been made is the mistake method for controlling product qual 
finished roduct in th fry 
finished p we ae URE SUC S discovered and then it is too late itv was a very vital decision it had 
We r rrent , ; ; +} In pection a W ¢ have known it in to envisage the vast reeducation of 
: hilit cf j tne past ha been nothing more oul employee The common erro) 
possipD1I ' I ormil al i ara ' 
ten _ { the Arm) E plar than a post-mortem operation, the is often made of a clatlng prac tical 
Y . a 2) l d y 4 Pla . ‘ 
nich ope ited during ne var. The rimary purpose of whi h ha been Statistical Quality Control with 
, f ¢} ’ } ‘ Lo rt the good parts Irom the bad highly theoretical mathemati« Even 
) | f { I pla ( re ) 
‘ é nitior . pla hic Howeve t is not our intention to today industry carris many non 
ail ‘ np. St: tistical Quality Control! Lh lic Vel Vvno have been frightened 
i f ] ric I qua De . s 
nos Recent é CO nleted tn the aemerit ol a departing Dy tnese mathematical! carecroyv 
r pection system but rather to show — Recognizing the likelihood of these 
( qu ) lor 
, Q ‘ Quer ‘ ' Vnat kk ra na aone vith Statistical laisse conception the Ford Moto: 
Geared to bee to a ‘ ah, So . Quality Cony trol and what Ford in Company et out to remove the 
' ’ cle hy } le a tod nm tne future compl x Carecroyv and embarked 
tect nen to hour! ated ipon a simplified and extensive edu 
ciallin ieettiiiis Pip ag bes INSTALLING SQC AT FORD'S ‘cational program for our shop peo 
j le ‘ ) no ed ple Qur first ob Wad to ell Stat 
Ford worl The cemtent otnvtes First of all we recognized in Sta tical Quality Control 
tistical Qualit Control tox which 
. {) nad « . ’ teacl wu +} thy al Acii y Ti ) a Ol Wriicti 
energy © i eee ile phy ay is th 1 | Our Training Department, in cor 
‘ y +} ( ; ii poiVe i le eCConomical pOoTi¢ 
‘ Qu 2 ef a ; ’ ; ; inctior th tive (Ju lit Contre 
Or , ; ? | ‘ r ' D ; > i ) CONLPOMeCa Ope ratior and at 
: - : . otal ' : 4 ? i! Zatior cle ‘ oped ‘ @} 
( ; ne Sarre tirne VIVE ou custome 
rye 1 The Qu er r tine : trainir course litable { the . 
3 nett product p aucts not mp 
prize ece ed } : Wam ¢ ' a tructior f hot} hot -~ ni 
hette tl ' the re ; Hut prod ict mou } ) i 
til Cf ‘ ‘ ney ’ ’ ' 
‘ -_ , hette than the BES7 We want a ement. It has been prover 
‘ I H F nate 7 po b ‘ f the ‘ ne )¢ qd qa it) na rif f ipee I 
( yur H r ) ent ‘ tnmnns how? . | ire 1 pecto ind productior man ‘ ' 
, p , th. r ead i ! ith inde tand ind 
| We ime ) aware no ‘ ©! that app ine p neipie 0 Stat Lic 
Statistical Quality Control by itself | Quality Control. It is equally esse 
Phe ‘ ‘ rT a i the prome Na not a cure-all To ne acce lul tial ol cou r lo nanavgement to 
r ‘ } ‘ ised I ‘ ‘ tf nee. the Ippo ‘ and cooperat on take f ynizance of the nev 
ng i in man more y] any otner operation Accord- metnod and tor tn eason all ol 
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Figure 3—Voltage Regulator Assembly Line at the 
Ypsilanti Plant. Note the extensive use of 
control charts. 








Figure 4—Instrument Cluster Assembly at the Man- Figure 5—Universal Joint Parts at the Mound Road 
chester Plant. Here again the control chart Plant. Notice a control chart mounted on 
is visible to all operators. each individual machine. 

ur inspection and production su grass fire. We touched it off at many first objective is now an accomplish- 

pervisors are requ red to take train point In some spot enthusiasm ment We now have nearly 3000 

ing. This training. by the way. is not blazed p rap diy and in others the control charts in active use through- 

confined to the Detroit area, but cov- fire was slow to start and had to be out our manutacturing and assembly 
ers all Ford Locations in the United nursed along During this nitial divisions and 5000 applications in 

State In additior training mate expansion oul staff men were on the receiving inspection areas and this 

rial has recently been forwarded to pot ready to advise and sist number is being increased daily 

our International activitic Figures 2-6 show some of the chart 
applications at various Ford plants 
Our next step, obviously, was the We established as our prime ob- 

application of Statistical Quality jective the application of Statistical Earlier we mentioned the Quality 

Control to actual operations. This Quality Control to at least one series Improvement exhibition which was 

was quite an undertaking We went ol operations in every production held by Ford in November of last 

about it in this way. Staff men department in the Company In yeal At that time the Quality 
thoroughly experienced in the us¢ this way we would create a repre- Analysis Department was faced with 
of Statistical Quality Control, went entative exposure. Practically, this the problem of illustrating the prin- 
into the various plants and assisted eemed the best plan, and psycho- ciples of Statistical Quality Control 
the local management with initial logically. it seemed the surest meth- in an interesting and informative 
applications. Then local manage- od of indoctrination. It brought to manne! After a great deal of 
nent took over and « xpanded Statis- many jobs and to many people thought we decided upon the follow- 
tical applications within their own simultaneously the _ principles of ing idea which is developed in Fig- 
organizations. It was like starting : Statistical Quality Control This ires 7-11 
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'NE FL\/BOUR FAMILY THRIVES OM SCRAP 
WHEN THEYRE AT WORK, WE TAKE THE RAP / 


\y fe 
e280 poll ae TRS 
tes Sy 


a) 


Figure 9 
However, in this picture we see 
that the application of Statistical 
Quality Control has considerably re 
duced the points falling outside of 








the specification fences. Our expo 


Figure 6—Quality Control Chart Used on all Final Assembly Lines Through- ure to the mischief of the “flub 
out the Company. dubs” is becoming less 
BUT WHEN THEY FAIL TO GET THEIR PUL, 
THEY WIT THE ROAD THATS OFR THE Wild f/f compttirorn @ . 4 





' {2 





Figure 10 


Figure 7 Figure 8 
Need we mention that this is a In this one we introduce you to Now we have the desired state of 
scrap and rework pis a conditio! ne flub-dub i ve Nave cI alfair a jobd well in control, and 
which all of us are bent on avoidi: ned tnen The flub n on tne thie flub-dub on their way to ou! 
ne nand, are pent | ‘ ) mpetito: 
; ad ework | ‘ See ho 
h« kee . , | eve thir 
tl 1 it ide ol ‘ l¢ ce 
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Figure 11 


This last picture 1 what we are 
looking for—cash in the bank—the 
ultimate result of controlled opera- 


tion Quality 


ecurity for our employees 


products and ob 
I J 


Thi I the logical sequence ol 
Statistical Quality Control. We see 
and recognize the fault; we analyze 
action: and 


it Wwe apply corrective 


we eliminate it 


COOPERATION WITH VENDORS 


So far the remarks have been 
confined to the methods adopted to 
promote interest and apply Statisti- 
cal Quality 


plants. But if we are to attain the 


Control in our own 


ultimate in quality we must be sure 
that all the production and service 
parts received from our vendors 
also meet our quality requirements 
There are some 700 of these majo: 
production part vendors—-some al- 
tatistical method of 
controlling quality The 
Quality Control organization at Ford 


in conjunction with Purchasing and 


ready using the 


product 


Training Departments, has recently 
completed the first part of a large- 
scale campaign designed to urge ou! 
suppliers to adopt the new statistical 


methods 


Here is a brief review of this pro- 
gram. The first step was the distri- 
bution of a formal kick-off lette: 
introducing to all vendors the Ford 
Motor Statistical Quality Control 
program. In this letter we stated 
that our Training Department would 
be pleased to offer 
courses in Statistical Quality Con 


trol to key men from our vendors 


indoctrination 
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plants In addition we asked out 
vendors if they would like to have 
a Ford representative visit them for 
a discussion of Statistical Quality 
Control The 
been gratifying. By March 31 
the first part of this program was 


results have indeed 


when 
completed, 258 men _ representing 
over 100 companies had visited ou 
Training Department and received a 
day anc. |. half instruction in Statis- 
tical Quality Control. At the sam 
time the y were conducted on tours of 
our plants where they were shown 
actual Statistical Quality Control ap- 
In addition to this ou 


representatives have called on firms 


plications 
and given them the benefit of our 
experience in establishing their ini- 
tial applic ation 


vendors 


Withou‘ 


show na 


exception oul 


have great deal of en- 
thusiasm and have indicated that the 
sonal contact visits 

helpful to them 


From our point of view the results 


training and pel 
have been very 
have been so gratifying that we 


plan to repeat the program 


What will be the logical and final 
outcome of such a program? In a 
nutshell 
tion. The day when a supplier will 


shipment qual ty certifica- 


say to us “I guarantee that this ship- 
ment meets the quality standards 
which you, the Ford Motor Com- 
pany, and I, the supplier, have 
agreed upon. Enclosed form shows 


the basis on which I have certified.” 


suppliers 
Statistical 


the assurance that 


will oul 


What benefits 
gain? The benefits of 
Quality Control 
they are producing the highest qual- 
ity at the 


most economical operat- 


ing level 
LOOKING TO THE FUTURE 


Our program so far has encom- 
passed the training of our workers 
a mass psychological approach and 
the installation of statistical methods 


We are now in 


the throes of the expansion phase 


to actual operations 
and it is our intention to apply Sta- 
tistical Quality Control to every ap- 
plicable operation 


If we do a little summing up we 
find that 
worker morale are so closely inter- 
related that they 


pared to a three-legged stool 


economy, ana 


quality 
might he com- 


leg is missing, the whole prograr 


topples ove! But if we have a 


three ol those things quality 


economy—and_ worke norale—in 


} 


high enough degree our competitive 
position in business is secure. The 
ultimate, and desirable result is, the 
highest quality product for our cus- 
tomers at an economically attractive 
price. It is our aim not only to main- 
tain our position in industry but to 
enhance it. We must remember that 
it is the enterprising concern, better- 
ing the old, and adopting the new 
and more efficient methods, which is 
going to lead the field, and have 
satisfaction as shown in 


custome! 


Figure 12 


It is our intention to continue to 


improve the relationships with the 
men and women who are our em- 


ployees so that they may have a 


better understanding of our policies 


and problems, and of our constant 


program of trying to provide the 


largest number of steady jobs for 


our peop 








Figure 12 


The job ahead of all of us is to 
build quality products for lower and 
lower cost. We realize that our con- 
tinued success requires that we con- 
stantly advance in both quality and 
efficiency Again, let us Say that we 
recognize in Statistical Quality Con- 
trol a tool which gives us the eco- 
nomical benefits of controlled opera- 
tions, and which gives our custom- 
ers the benefits of bette: 
Hence Ford’s 
Quality Control 


products 


Statistical 


interest in 





Watcl for program deta ls 


covering 
SQC IN AUTOMOTIVE 
INDUSTRIES 
Fifth ASQC National Convention 


Cleveland, May 23-24, 1951. 
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A Chi-Square Chart for Controlling 
a Set of Percentages 


. ae years ago Dr. W. A. Shew- 
\/7 hart suggested the use of a 7 
test as a “fifth” criterion for detect- 
ing lack of control in a process.* The 
essence of his proc edure was to com- 
pare the actual distribution of a 
sample of output with a theoretical 
or standard distribution. If the devi- 
ation of the actual from the standard 
distribution yielded a 7° for which 
the probability fell below .001, the 
process would be considered “out of 
control”. Whereas Shewhart’s Cri- 
terion I has developed into the pres- 
ent-day X and R charts, which are 
widely used, his Criterion V, 
as the writer knows, has had little 


so fat 


usage. It is the purpose of this pape 
to describe how a 7” control chart, 
modeled after Shewhart’s Criterion 


might serve as a useful control 


aevice 


APPLICATION OF 7° CONTROL 
CHART 


The type of situation in which a 7 
control chart might be of particulat 
use is one in which the output of a 
given process is divided into more 
than two categories. The ordinary p 
chart was devised to control a prod- 
uct that may be classed as either de- 
fective or non-defective. Sometimes, 
however, product is divided into sev- 
eral categories. Often defective units 
are subclassified into those with ma- 
jor defects, minor defects, and inci- 
dental defects Occasionally the 
classifications are more specific Car- 
example, are 
graded as 1% oh 5°) and 

10°%. Cylindrical flint glass bot- 
different de- 


bon resistors lo! 


tles are graded into six 


grees of tempe1 


It will be noted that the illustra- 
items 


Since 


dis« rete 


‘bottle — 


tions pertain to 


“resistors 


‘units , 


the 7 control cnart IS based upon 


the multinomial distribution, it mus 


by necessity be restricted to d screte 


data It cannot, for example ne ap- 


W 4 he) FE c 
Quality f M ¢ P c 
s40 D ( J 
York, 19 


NOVEMBER, 1950 


ACHESON J. DUNCAN 


The Johns Hopkins University 


pl ed logically to the control of per- 
centages of fluid or chemical mix- 
tures where discrete units cannot be 
distinguished. Whether it can be ap- 
plied to physical mixtures depends 
on the ability to estimate readily and 
accurately the number of units in- 
volved. For example, granules of 
asphalt are graded as to size by pass- 
ing them through sieves with differ- 
ent meshes. The portions retained 
by each sieve are weighed and ex- 
pressed as a percentage of the total 
weight of the sample. If it is feasible 
to translate these weights into an 
equivalent granular count, a 7° con- 
trol chart can be used 


A ¥? CHART VS. A SET 
OF p CHARTS 


When output is divided into sev- 
eral categories, control of the process 
may be undertaken in two ways. One 
is to set up individual p charts for 
each grade of output; for example, a 


chart for 1°) resistors, another fo1 


1°; resistors, a third for 2% re- 
sistors, a fourth for —2° resistors, 


and so forth. These would form a set 
of charts that could be used to con- 
trol the output of resistors. An alter- 
nate procedure is to set up a single 7° 
chart which would serve as a sum- 
mary control chart for the process 
It is shown in the Appendix that this 
second method is the statistical 
equivalent of the first. The selection 
of one or the other of the two meth- 
ods will depend accordingly on its 
convenience and adaptability to a 


particular situation 


The individual p chart method has 
the advantage that it is similar to 
standard procedures and may for 
that reason be better understood. It 
has the disadvantage that it requir 
The charts will also 


have to be studied both individually 


more charting 


and collectively which may become 
cumbersome if there are four o1 


iore ol them 


The principal advantage of the 7 
chart is that it presents a single sum- 


mary index of control. Management 


may prefer to glance at a single chart 
to get an over-all picture than to 
study a number of individual charts 
If details are desired, they can be ob- 
tained directly from the tabled data 
upon which the 7° chart is based. A 
disadvantage of the 7° chart is that it 
is less well understood. It also does 
not take account of signs and there- 
fore is not as fine an instrument for 
detecting changes. The arithmetic 
for maintaining a 7° chart is some- 
what greater than required by a set 
of p charts, but the disadvantage on 
this score is not great, especially if 
the samples necessarily vary in size 
EXPLANATION OF A CON- 
TROL CHART 


A 7° control chart is most easily 
explained by reference to a concrete 
example 


Suppose the output of a given 
process 1S classified as Grade A, B 
C, ol D 
control, it is found that the percent- 


When the process is unde! 


ages of each grade turned out are as 


follows 


Grade A 12° 
Grade B 54° 
Grade C 25% 
Grade D g” 


Management wishes to keep the pro- 


cess under control at these levels 


To maintain control, a sample of 
100 unit 
vals and the number in each grade 


is taken at specified inter- 


determined. The results of the in- 
spection are listed in column II of a 
worksheet such as shown in Figure 
1. The difference between the actual 
number in each grade and the aver- 
age or expected number is taken 
squared, and divided by the ex- 
pected number (see Figure 1). The - 
final figures for each grade are then 
added and plotted on a chart. (See 
Figure 2.) This chart will usually 
have only an upper control limit. Fo: 
the problem in hand, this limit is 
set at 14.2 
control thi limit has 


of approximately .0027 of being ex- 


If the process is unde! 
a probability 


HW 








ceeded by chance. A point beyond 
14.2 will suggest that the process 
has changed with regard to the pro- 
portions of the different grades it is 
turning out 

The control chart just described 
is called a 7* control chart because 
the plotted quantities have a chanc« 
distribution of the form of the 7 
distribution.** The upper limit is 
the .0027 point of the 7 


(“degrees of 


distribution 
for an n freedom” ) 
equal to one less than the number of 
grades into which the output is di- 
vided In the 


above illustration 


n ) l 3, and 14.2 is the .0027 
point of the 7? distribution for n ~ 3 


chart is at 
0027 points 


The mean line on the 7° 
n. A table of the upper: 
of the 7° distribution follows 


The Upper .0027 Point of the 7° Dis- 
tribution for Values of n from 
2 to 25 


n 7 

2 11.8 
3 14.2 
i 16.3 
i) 18.4 
6 2).2 
7 21.9 
be 23.6 
10 26.8 
12 30.3 
14 33.4 
16 36.4 
18 39.3 
20 11.9 
25 19.2 

Read graphically from James F. Crow \ 


Chart of the 7* and t Distributions Journal 
of the American Statistical Association, vo 


40. p. 376. The maximum error is about 


A ¥° CHART WHEN THE SAMPLE 
SIZE VARIES 

In Figure 1, it was assumed that 

the number of cases was the same in 


each sample. This is not necessary 


The samples may vary in size with- 


out requiring any change in the 


*For a normal distribution the probability 
of exceeding 3c limits is .0027 Hence " 
0027 limit for a 72 chart is the equivalent of 
3eo limits on an ordinary chart 

Since the deviations are squared and their 
sign is thus lost, there is no lower limit in a 
¥2 chart corresponding to the lower limit 
on a p chart 

A lower limit could be put on a +2 control 
chart, but it would have a different signi 
ficance. A point below such a limit would 
not indicate that the process was out of con 
trol, but merely that the fit’ to the stand 
ard proporions is “too good to be true Such 
a point might suggest for example that the 
inspection records had been tampered with 
or that there was a mistake in the calcula 
tior 


**See any advanced book on statistic 
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Figure 1—Data Sheet for a 7 


(Size Sample 100 


| Il 
Numbe Numbe: 


Sample No. Expected Obtained 


Sample - ] 
A 12 15 
B 24 16 
Cc 24 25 


D 10 14 


Sample #2 


A 12 2U 
B 54 52 
GS 24 20 
‘Dp 10 ~ 


+ 
~ 


Sample #3 


A 12 1] 
B 54 20 
oO 24 27 
D 10 12 
Sample #4 
A 12 24 
B 54 18 
+ 24 29 
D 10 3 


Plot these totals on the control chart 


hart.' In each case the numbers 
of the 


and 10% respec- 


placed in column I are 12° 
sample, 54°7, 24%, 
In column II, are placed the 
of items actually obtained 


tively 
numbe1 
from each grade. The only restric- 
tion® is that the sample should be 
large enough to make the number 
expected in any grade at least equal 
to 5 

Figure 3 illustrates a data sheet 
control chart when the size 


Such a situation 


for a 7 
of sample varies 
might arise, for example, if the 
sample” was taken as the daily out- 
put of the given product. In this 


case there would be no direct con- 


1. It is pointed out below, however, that a 
constant size sample permits interpreta- 
tion of the result in terms of absolute 


goodness of fit to the standard percent- 
ges If the samples vary in size, only 
relative goodness of fit can be considered 

2. This is the conventional rule However 
W. G. Cochran has shown that in tests of 
goodness of fit. such as here involved, the 
tabular x" gives sufficiently good results for 
expected one-tail frequencies as low as 0.5 
He writes, “The exact and tabular proba- 
bilities agree reasonably well down to a 
certain significance level, this beir7 .0271 
for m the expected frequency) l 
and) .0285 for m 0.5 There- 
after, the tabular x* begins rather abruptly 
to underestimate seriously See W. G 
Cochrar The x* Correction for Continu- 
ty lowa State College Journal f 
Science vo XVI 1942 p. 429 


Number of Grades 4 


Control Chart, Constant Size Sample. 


Control Limit: 14.2.) 


II] IV V 
III (IIL) IV I 


5 io 
8 64 1.18 
] ] 04 
j 16 1.60 

BY 

$ 64 5.33 
2 j 07 
j 16 67 
2 j 40 

6.47* 

l ] 08 

4 16 30 
3 gy 37 
r2 } 40 


12 144 12.00 
6 36 67 
] ] 04 
7 19 4.90 

17.61" 


See Figure 2 
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+ WUMBERP OF SAMPLE 


Figure 2—A 7? Control Chart 

trol over the sample size and the 
standard percentages appearing in 
column I would not in most cases be 
simple integers. This complication 
necessarily increases the amount of 
calculation. If production does not 
vary considerably, however, it would 
be feasible to construct a table of 
the standard for ex- 
pected sample sizes. (Calculation to 


percentages 


one decimal place should be suffic- 
ient.) The figures in column I could 
then be read directly from the table 
The task of squaring column III can 
also be simplified by using tables of 
squares. Computation of column II 
requires merely subtraction, so that 
the only “involved” computation on 
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Figure 3—Data Sheet for a 7° Control Chart, Varying Sample Size 
(Number of Grades = 4. Upper Control Limit 14.2) 
I II III IV V 
Numbe: Number 
Sample No Expected Obtained II-I (111) IV I 
Sample #1 
N 112 
A 13.4 16 2.6 6.76 50 
B 60.5 58 2.5 6.25 10 
SS 26.9 27 J 01 00 
D 11.2 1] 2 04 00 
.60 
Sample #2 
N 90 
A 10.8 8 2.8 7.84 73 
B 48.6 55 6.4 40.96 84 
C 21.6 23 1.4 1.96 09 
D 9.0 4 5.0 25.00 2.78 
5.44 
the data sheet is the determination the 20 samples. If one or more 


of the quotient entered in column V. 
In most cases this can be done with 
a slide rule, yielding approximate 
results to three figures. 

When the size of sample varies, 
the amount of work involved in the 
use of a 7* control chart is probably 
no more than would arise if a set of 
p charts were employed. If control 
limits on the p chart were based on 
an average sample size, some saving 
might be accomplished, but if con- 
trol limits vary from sample to 
sample with the difference in 
sample size, or if a standardized p 
chart* is employed, varying sample 
sizes will increase the amount of 
work involved as much as they do 
in the case of a 7* chart 


SETTING UP A 7° CHART 


The procedure for setting up a 7° 
chart is similar to that of setting up 
a p chart. Suppose that the standard 
percentages for each category are 
not given by some a priori formula 
but are to be determined from the 
process when it is under control. To 
establish control and to find the 
process average percentages, sup- 
pose that 20 samples of 100 each are 
taken from the process. From the 
grand sample of 2000, preliminary 
estimates can be made of the per- 
centages falling in each category. 
These percentages become the pre- 
liminary standard. From them an 
initial 7* control chart can be set 
up showing the 20 values of 7° for 
* A p chart in which the variation in p is 

measured in standard deviation units. See 

A. J. Duncan, “Detection of Non-Random 


Variation When Size of Sample Varies 
this journal, Jan. 1948, pp. 9-12 
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samples have a 7* outside the con- 
trol limit, assignable causes should 
be looked for. Investigation should 
also be made of “lack of control” in- 
dicated by runs above or below the 
average or runs up or down. All 
samples whose peculiar variation 
can be attributed to assignable causes 
should be thrown out and a new 
standard of percentages computed 
for the 7* chart. This standard will 
then become the initial standard to 
be used, say, for the first month's 
operation. Subsequently, it may be 
revised if the data indicate the de- 
sirability of a change. It is to be 
noted that for the most part a 7 
chart may be interpreted like any 
other control chart. As usual, points 
above the control limit would indi- 
cate lack of control. A run up would 
indicate that the process is moving 
away from the prescribed percent- 
ages, and if it continues long enough, 
say for seven or more samples, action 
should be taken. Likewise a long 
run above the mean would indicate 


a shift in the process percentages 
INTERPRETING A 7° CHART 


The principal difference in inter- 
pretation between a single p chart 
and a 7° chart is in respect to runs 
below average or runs down. On a 
single p chart a run below average o1 
a run down indicates a shift or a 
trend to a higher quality, or possibly 
a deterioration in the effectiveness of 
inspection. On a 7° chart, a run be- 
low average or a run down indicates 
a closer agreement with the standard 
On a single p 
levels might 


set of percentages 
chart, shifts to lower 


possibly be maintained if the reasons 
for the improvement in quality are 
discovered and these more favorable 
Shifts 
to below-average levels on a ¥* chart 


conditions are maintained 
cannot be maintained under random 
conditions. For a shift to a low level 
of 7° indicates that the fit is getting 
“too ¢§ vod to be true” It suggests 
that the 
longer random or that 


sampling procedure is no 
inspection 
records are being tampered with, o1 
that there is an error in the calcu- 
lations. 

Another point that needs to be 
made clear is that 7° is independent 
of the size of the sample employed 
It is true, of course, that a large 
sample will, on the average, give a 
better fit to a standard set of per- 
centages than a smaller sample. The 
7" chart, however, takes this into 
account, and the closeness of fit 
which it measures is the closeness 
expected for the given size sample 
The 7? chart is similar in this respect 
to a standardized p chart which ex- 
presses deviations from the average 
in standard deviation units.** It is 
for this reason that a 7° chart is 
equally valid for constant or varying 
size samples. The average and con- 
trol limit on a 7? chart are deter- 
mined solely by the number of cate- 
gories for which percentages are fig- 
ured. If it is desired that the various 
values of 7° have the same sig- 
nificance in terms of absolute good- 
ness of fit, then it is necessary to 
take all samples of the same size 


If the 7° chart indicates a signifi- 
cant shift from the 
standard, the 7* table from which it 
is computed will indicate just how 


prescribed 


the shift is being effected, because 
this table gives the individual com- 
ponents that make up the total 7? 
If a large 7* is made up of large 
contributions by each component, it 
would signify an overall shift away 
from the standard percentages. On 
the other hand, if a large 7? 
result of a large contribution by a 


is the 


single component, it would indicate 
that the process was getting out of 
line primarily with respect to one 
Finally, if a 


results from large contribu- 


particular percentage 
large 7* 
tions by two components, it would 
suggest that the process is tending 
to increase the percentage of one 
component at the expense of the 
other. A study of the 7* table will 
thus facilitate the finding of the 
causes of the shift 


* Cf. A. J. Duncan, Ibid 








CONCLUSION 


In conclusion, it should be pointed 
out again that the 7* chart measures 
only the amount of departure from 
It takes no ac- 
It would be possible 


the given standard 
count of signs 
for example, for categories A and B 
to show small positive deviations 
and categories C and D to show small 
negative deviations without the 7: 
for the whole sample being excep- 
tionally large. If the categories A, 
B, C, and D formed a continuum 
this increase at the upper end and 
decrease at the lower end might well 
indicate a tendency for the process 
to shift toward higher values. Such 
a shift would not be caught by the 
y* chart until it was significant in 
an absolute amount. For this reason 
it is well to study the signs of the 
deviations in column III of the 7? 
table to note small shifts in direction 
that the 7* 


catch immediately 


chart itself may fail to 
Such a “sign 
test’”’ will be more useful the large: 
the number of categories of classifi- 


cation 


APPENDIX 


That a 7? chart is the equivalent of 
a set of p charts may be shown as 
follows 

Let the output be graded as A, B. 
and C, and let the fraction of A in 
any sample, the fraction of B, and 
the fraction of C be taken as the co- 
Then 
all such sample points will be in a 
plane such as plane XYZ of Figure 
1, for we must always have 
(% A) (% B) + (% C) 100%, 
which is the equation for a plane. If 
we lay the plane XYZ out flat, it will 
look like Figure 5 


easiest way to show the relationship 


ordinates of a point in space 


which is the 


between a set of three p charts and 
a ¥* chart 

If the process is such that it is 
actually turning out (')A, ('s)B 
and ('4)C, and if the sample con- 
tains 120 items, the central lines on 
each of the p charts that would be 
set to control the three grades will 
be .333 and the 3e limits will be .204 
and .462. These 30 limits are marked 
off in Figure 4 and shown more 
clearly in Figure 5. For a samplk 
result to be within control limits on 
all three p charts, it must fall within 
the hexagon abcdef. The point P, 
for example, meets this requirement 
The point P’ is within the 3e limits 
for grade A but not for grades B and 
C. Figure 5 may thus be viewed as 


14 


FRACTION OF C 





FRACTION OF B 


Figure 4 
Grades (p, P» P» 
Sample Fraction. 





FRACTION IN 
GRADE C. 


FRACTION OF A 








The Joint Distribution of the Sample Fractions in Each of Three 
14, N 


120) with 3c Limits for Each 


FRACTION IN 








.204 .333 
~<—FRACTION IN GRADE B 


, - 
rigure J 


.462 


v x 
FRACTION IN GRADE A—> 


.462 .333 .204 
The XYZ Plane of Figure 4 Laid Out Flat, Showing the 3c Limits 


for the Fraction in Each Grade (assuming p, ~ p. ~ Pp» 14, N 
120) and the 7° Limit at .0027. 


a joint control chart for the three 


individual fractions 
The point M at the center of the 
triangle XYZ has the coordinates 


P;, Pe, Ps, or in our particular ex- 
ample '%, %, %. The coordinates 
of any sample point are 


N,/N, N2/N, and N,/N. 
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The square of the distance of a 
sample point from the central point 


M is thus 


(N,/N In) (N. N i5)- 
(N,/N — 15)? 
s(N\/N — 15)? 


X(N, N /3)*/N?=D*. 
But in this case, we have by def- 
inition, 
~(N, — N 3)? 
N 3 

Therefore 7" D-(3N), or the dis- 
tance D equals \/ 7*/3N. Hence the 
upper limit on the 7? control chart 
that could be used to control a set of 


x" 


three grades will be represented 


in Figure 5 by a circle, all of whose 
points lie at the distance \/ 7°/3N 
from the central point M. The circle 
KLN of Figure 5 is the circle for 
which 7? 11.8, which is the .0027 
point for a x? distribution with 
n 2. Every sample point which 
lies within this circle will be “in 
control” on the x? control chart. It 
will be seen that the samples in- 
cluded within the 7? limit and those 
included within the 30 hexagon are 
practically the same set of samples.’ 
In other words, the use of 30 limits 
on three individual p charts gives 
essentially the same control as that 
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N APPLYING the techniques of 

quality control to an industry in 
which quantitative measurements 
are easily obtainable, the procedure 
has been well developed and is rela- 
tively straight forward. However, in 
an industry such as textiles, it is not 
always possible to obtain quantita- 
tive measurements. Thus, there is a 
problem of determining quality lev- 
els. Quality levels are dependent 
upon the approximate measurement 
of performance through the medium 
of opinions. This procedure must 
have a sound basis in order to yield 
valid results 


As an illustration, consider the 
problem of evaluating the raw stock 
dyeing of textile fibers. How may 
we get a reliable weekly index of the 
quality level? Can we safely say that 
this weekly dyeing shows an im- 
provement over that of last week? 
When are we headed for trouble? In 
order to answer these questions the 
Quality Control Department of the 
Bigelow-Sanford Carpet Company 
developed a technique for polling 
and analyzing opinions concerning 
the quality of dyeing 


Before considering this technique 
it would be well to discuss the majo: 
problems encountered in raw stock 
dyeing. The critical problem is 
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matching a pre-determined color 
standard; not with just one kettle 
but with a succession of kettles so 
that the final blend of fibers will be 


a commercial match 


When a batch has reached its spe- 
cified size and its color does not 
match the standard, the dyer must 
dye additional amounts of fiber to 
such color that the composite blend 
will be of a satisfactory color. Thi 
quantity expressed as a percentage 
of the batch weight is known as the 


percent of overrun 


of a 7° chart with a .0027 limit 
The above analysis is based on the 
assumption that the true fractions 
in each grade are all 45. A similar 
analysis will show that these two 
systems are approximately equiva- 
lent even when the fractions are all 
different 
as good as in the instance discussed 


above, but it is still good enough for 


The approximation is not 


practical purposes 


It must be remembered that the samples 
occur only at discrete intervals in the plane 
XYZ so that the difference between the 
area of the circle and the area of the his- 
togram is not as important as it might first 
appear 


Stock Dyeing 


C. W. CARTER 


Quality Control Engineer 


The effect of an unusually large 
percent of overruns is serious: time 
is lost, deliveries are delayed, and 
imperfect fabric may be increased 
due to the non-uniformity of the 
batch of fibers 


During a period of high percent of 
overruns, the Quality Control De- 
partment had developed a technique 
for evaluating the quality of raw 
stock dyeing. This consisted of a 
weekly review, by the Quality Con- 
trol Staff, of carded swatches from 
each kettle in a batch 
poll rating sheet shown in Figure 1 


The opinion 


was used by each of five staff men 
to rate each dye batch dyed during 
the preceding week. The rating was 
given according to the numbered 
classes varying from class 1 (excel- 
lent), to class 10 (extremely wild). 
The term 
stock dyeing denotes complete lack 
evidenced by 


“wild,” as applied to raw 


of control and is 
watches of many colors within the 
batch. For green 
might be so far from standard that 


same example, 


the necessary correction might be 


a dark brown 


Results of the weekly rating sheets 
are summarized first as a conven- 
tional control chart for sample size 


5 and econd graphically as a fre- 
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quency distribution. The numbers 
associated with the adjectival ratings 
make it possible to obtain a numeri- 
cal value for each batch and for each 
week's performance. In addition, a 
control chart based on the numerical 
values provides a measure of the 
consistency of the judgments of in- 
dividuals by giving an average 
range. Consistency in this 
means only (a) that the adjectival 
opinions of the individual staff mem- 
bers vary linearly as indicated on 
Figure 1, and (b) that the sensings 
of the person do not vary greatly 
from time to time. The average 
range for a typical period does not 


sense 


show sensing on the scale to be out 
of control. Table 1 and Figure 2 pre- 


ent the evidence 


TABLE I—Dye House Opinion Poll 
Weekly R for March-May, 1949 


No of 

Week Batches R nR 
] 12 2.0 24.0 
2 12 1.4 16.8 
3 10 1.3 13.0 
| 12 1.6 19.2 
5 1] 1.4 15.4 
6 1] 1.5 16.5 
7 li 1.7 18.7 
i y 1.6 14.4 
i) at 1.3 10.4 
10 7 1.4 9.8 
1] % he 13.6 
12 10 1.6 16.0 
13 7 1.4 98 

Totals 128 197.6 

Ave.: n 9.8 R 1.54 
Control limits for R’s based on 
average batch size n 9.8: 

UCL 1.36R 2.09 
LCL 0.64R 0.99 


1.36 l (D, l)/ Vn 
0.64 l (D, l)/ Vn 

D, 2.114 
Note: These control limits should 
be regarded as first approximations 
to their theoretically correct values, 
since an exact formula for ox is not 


available 


The frequency distribution pro- 
vides a visual composite evaluation 
representative of each week's per- 
different 
detected 


formance. In this way 
shifts or trends can be 
which might not be noticed from the 
average alone 

At the outset of this program, it 
was clear that the validity of this 
approach had to be demonstrated 
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Dye House Opinion Poll 
—Weekly Average Range 
for March-May, 1949 


Figure 2 


By reviewing two weeks’ production, 
setting it aside for a month, and re- 
viewing it a second time, we were 
able to check the repeatability or 
consistency of the judges, though not 
necessarily their correctness. Figure 
3 shows the distribution of the orig- 
inal and the subsequent evaluations 
Whereas there 
are some discrepancies, nevertheless 


of the same batches 


the repeatability was generally good 


At the beginning of 1949, the Qual- 
ity Control Department embarked on 
an extensive engineering study of 
the raw stock dyeing process. This 
study lasted approximately six 
weeks, during which time controls 
were established for dyeing formu- 
lae, pH, blends, and a number of 
other variables. Toward the end of 
February, a definite improvement 
had been noticed in the opinion poll 
index; and by May its level had im- 
proved from somewhere between 5 
and 6 to a level in the vicinity of 3 
This trend is shown in Figure 4 
Concomitantly, the percent of over- 
runs was steadily decreasing. This 
trend is shown in Figure 5, where a 
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Figure 3—Raw Stock Dyeing Opin- 
ion Poll—Test for Re- 
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decrease of about 7% is apparent 
There appears to be a correlation 
between the opinion poll index and 
the percent of overruns. This would 
tend to substantiate the theory that 
close control of the dyeing process 
increased the dyers’ ability to match 
a standard at the scheduled batch 


size. 


The elimination of assignable 
causes of variation in the dyeing 
process and keeping control charts 
on some of the chance variables 
helped the dyer do his job 


Finally, a method has been devel- 
oped for measuring quality levels in 
the Dye House which can disclose 
improvements or declines in quality 
from week to week and can warn 
one of impending trouble. 


Thus it appears that the techniques 
of quality control can be applied in 
a useful manner to an operation in 
which qualitative opinions are the 
sole means of sensing quality char- 


acteristics. 
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Figure 5—Dye House Progress 
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uality Control in the 
Production of Blended Whiskey* 


DAVID R. PERYAM 


. 


The Calvert Distilling Company, Baltimore, Maryland 


(THY do people use liquor? There 
are many correct answers to 

this question, for drinking is a com- 
plicated bit of behavior, but to the 
manufacturer in his quest for a qual- 
ity product, one answer must be 
paramount. Quality 
necessary to satisfy those who drink 
only for the gross effect; all that is 


liquor is not 


needed is percentage of alcohol. For 
most people, however, the immediate 
sensory pleasures of taste and smell 
constitute a very important part of 
the total satisfaction of drinking, and 
this creates a consumer demand for 
quality which the manufacturer 
must meet if he will survive. Recog- 
nition of this condition is the guid- 
ing philosophy of The Calvert Dis- 
Company's whole quality 
includes research 


tilling 
program, which 
and development as well as the 
product acceptance method which 


will be discussed here 


That we have a product whose es- 
sence is a thing as intangible as hu- 
man pleasure brings about problems 
of measurement quite different from 
those encountered in the usual qual- 
situation. The human 
ultimately judge our 
product, and we have found that 


ity control 


senses will 


these same senses constitute not only 
the best measuring device for qual- 
ity, but actually the only workable 
one. It is a natural tendency to want 
to apply to this problem what are 
termed the more exact methods of 
control, i.e., chemical and physical 
tests, but attempts to use such meth- 
ods have been, uniformly, failures 
Surely one must assume that every 
sensible flavor variation has a cor- 
ollary variation even 
though the latter may be difficult o1 
However, the 


chemical 


impossible to verify 
human senses of smell and taste are 
among the most delicate chemical 
known When 


dealing with substances that cause 


measuring devices 


*Presented before the Baltimore Section 
ASQC, November 15, 1948. Mr. Peryam is at 
present Chief, Acceptance Division, QM Food 
and Container Institute for the Armed 


Force Chicago, Il 
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taste and odor sensations they can 
detect 
even the most precise chemical tech- 


much finer variations than 


niques and can do so with a great 
deal less labor. It can be stated as a 
general principle, not confined to the 
alcoholic beverages, that chemical 
tests are by comparison but gross 
predictors of flavor 


GENERAL BACKGROUND 


At each of our Company’s operat- 
ing plants we have established an 
organization which we designate as 
The Quality Laboratory. They are 
essentially psychology laboratories 
rather than whiskey 
their basic procedures are deter- 


laboratories; 
mined by that science and thei 
function is to use human observers 
in development and process control 
work and, finally, to handle the im- 
portant task of product acceptance 
It is the test used for the latter pur- 
pose which will be described here 


The traditional method of quality 
control in the liquor industry is the 
expert system in which one or a 
small group of expert tasters at- 
tempt to handle the job by virtue 
of particularized knowledge of whis- 
key and by individual sensory skill 
The experts must presume both un- 
erring judgment and unerring sen- 
sory perception Our laboratory 
methods, in contrast, put taste-test- 
ing on a scientific level and both 
validity and reliability of results are 


markedly enhanced thereby 


Control testing implies a stand- 
ard. The subjective standard used 
by the consumer, and by the expert 
taster, consisting as it does simply of 
a knowledge of what is good, is too 
vague, too subject to chance varia- 
tion, to be an accurate guide. Our 
solution is to create a_ physical 
standard which embodies the flavor 
we wish to maintain. Then we test 
in terms of difference from this 
Capricious 
thereby avoided and we also take 
advantage of the fact that such dif- 


standard change is 


ference testing can be much more 


precise than the testing of absolute 


values. Originally, to obtain the 
standard for a given product, the 
best combination of ingredients that 
is possible, considering time and 
whiskey stocks available, is worked 
out by a series of taste preference 
tests using observer groups repre- 
public 


This standard is maintained by an 


sentative of the customer 
extension of the same _ procedure 
used for acceptance work and any 
made by 


variation therefrom is 


prior decision 


In the production process the 
whiskey is blended in lots of from 
8 to 10 thousand gallons according 
to a specific formula, worked out by 
the Quality Laboratory, which ex- 
standard in 
whiskeys 


presses the master 


terms of the particula 
available. After processing is com- 
pleted a sample of each tank lot is 
submitted to the Laboratory for an 
answer to the question, “Can this 
lot be distinguished from its stand- 
ard by sensory test?” If the answe1 
is negative, the lot is accepted; if 
the answer is affirmative, the lot is 
rejected and must be reworked 
When a rejection occurs it indicates 
either that one or more of the whis- 
keys ol 
were non-standard or else that there 


other raw materials used 
has been an irregularity in the pro 
duction process. In either case, the 
causes can be sought and, if identi 


fied, can be eliminated 


This system provides for a com 
plete inspection of outgoing product 
at the completion of the blending 
process, since no lot of whiskey i: 
sent to the bottling tanks until sam- 
pled and approved. The possibility 
of flavor contamination during the 
bottling operation is but slight. How- 
ever, the Laboratory also makes pe 
riodic checks of samples taken from 


the bottling line 


TASTE-TEST PROCEDURES AND 
CONTROLS 


With this general background es- 
tablished we will go on to specifi 
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aes ption of the test ised nclud- 
ng ome discu ion ol control 
nicn are nece i 


Without doubt tne opservers, 1.4 
the persons who do the tasting and 


idging, are the most important as 


pect i] tre Laboratory Without 
tnese ndividual Witnout their sen 
ry and percept ial abilitie mani 
fested under conditions of prope: 
control, the system is useless. Thei: 
election and training cannot be 


haphazard and thei periormance 
must be continuously 
VICW Ten 


normal testing gro ip 


ubje t to re- 


observe! comprise thre 


They are us- 


ually women, originally 


vork on the bottling line who have 


been assigned to the Laboratory on 


a trial basi and have proven tne! 
abilit Very likely an observe 
ense o! taste will be more acut« 
tna average, but the election i 
made upon the ba of demonstrated 
ability to detect differences be 


hould be em 


tween whiski« It 
pha ized that these people are not 
considered whiskey experts ince 


thei usefulne: dor not de pend 
upon any kind of unusual knowledge 


ol kill Not the y know 


what they are 


ony do 
doing, but we know 
readily avali 


al ) and a tne thod l 


able for training re placeme nt 


At present a taste test only is used 
Worl k At 


been u ed In 


n acceptance Variou 
Lirne an odor test hi: 
parallel Howe 
ed highly and, since the odor result 
latter test 


ver. the two correlat 
vere more variabl« the 
Wi dropped in the interest ol in- 


pec tion economy 


Basically, the test imple 
The observers taste 4 c« 
whiskey from ordir ary shot vlas ‘ 
The ‘ 


controlled order and the 


quite 
amples ol 
ample are pre ented in a 
observer i 
required to make certain statement 
about 
heen de 


tion of the test 


them. Special apparatus has 


signed to make administra 


peedy yet accurat 


ind the observe have been trained 
to follow procedures in _ testing 
vhich have proven to give best re 
ilt 

Figure | diagram trie procedure 
ft a single test. It shows the series 
I even taste sample which 


Prior to the start of the test prop 
er the observer gets as a “warm-up 
whiskey C which 
the standard The 


this function: The first 


ar ple } ccs ot 


Warn -up has 


' . 
ample whnicn 


WARM-UP 


(2) 


20 sec 10s 5 10. (oY 
eR > Cc >| a, sen y 


TEST PROPER 





C-somple of standord whiskey X-sample of unknown whiskey 


R- indicates rinsing with water J-indicotes judgment on unknown pair 


Figure | 


Diagram of the Sample Series which Constitutes the “Test” Taken 


by an Observer at One Sitting. 


tasted may eem quite different 


otners 


? 


Irom tne merely because of 


its temporal position and because of 


with the 
condition in the mouth. The 


contrast previous neutral 


Wartm- 


up readies the mouth, making con- 


ditions more nearly constant fo 


the rest of the samples. It is fol- 
lowed by a minimum interval of 20 
during which the observe: 


with distilled 


econds 
rinse water which is 
always available in quantity in the 
testing booth. In the test proper C 

given first, followed, at 10-second 
ntervals by the two 
an X-C pair given in an unknow! 
Next 


ond interval during 


‘ 


members 1 


ordet there is another 20-sec- 


which the ob- 
erver gives his judgment and again 
rinses. Then the process 1s rept ated 


i.e., another C 
unknown pair for judgment. The 


followed by a second 


| { 


time required lor the entire test Is 


about two minutes Test series for a 
given observer are separated by a 
minimum interval of 15 minutes to 
give the sensory mechanisms time 


for complete recovery 


The crux of the whole matter i 
In thi 
er is fully aware of the entire series 
1.¢ he know that the 


is a Warm-up and that in the test 


1 


the response test the observ- 


first sample 
proper the first sample of a trio 

always 6. and IS follows d by a pall 
in unknown order. He knows that 
within the pall 
identical with C but that the 
may differ from it He 
which of the two is the 


one member will be 
othe 
must State 
“different” 
sample. “But,” you may object, 
thinks they are identi- 
cal and are both like the standard?” 
This frequently, for X 


will be very close to C if the lot from 


Suppose he 


does arise 
which it was drawn has been prop- 
erly blended the test does 
not permit a judgment; the 


However, 
“same” 
observer must give his best guess 
When we 
data 


essary It can be shown that this 


turn to analysis of the 
we will see why this is nec- 
forcing of a decision is not unreal- 
istic. Rather, it makes for finer dis- 


criminations Not 
test as a whole proves that a differ- 
though 


certain of his 


infrequently the 


ence exists even no single 


observe! has been 


judgment 


The data are 


incorrect fol! 


recorded Simply a> 
each judg- 
ment according to whether the ob- 
server has properly identified the 
X or not. The comple te control test 


ona given produ tion lot consists of 


individual test series 


correct ol! 


these 


using ten different observers. As 


each person gives two judgments 
there are 20 items for final analysis 
When results with the 20 judgment 
test are doubtful, it may be extend- 
ed to 30 judgments by having five 


observers repeat 

Controls whic vital if the 
test is to be effective fall into two 
First 


sample Ss 


general classifications thers 
are those relating to the test 
C and X, They must be 
identical in every aspect under lab- 


control to assure that the 


themselves 


oratory 
observers will not get irrelevant 


Cues 


Temperature must be equal. We 


have found that normal room 
temperature is optimum for dif 


lerence testing 
2 Alcohol 


must be identical since a differ- 


~ 


concentration 


(proot) 
ence of about ol proot is de- 
tectable by a trained observe: 


pind 
There must be no variation in 


color 
1. All 

same volume 
The 


lar Rel 


samples must contain the 
second class of controls is 
Thei: dictated by 
common sense, refined by the science 
to assure that the ob- 


need iS 


ol psy¢ hology 
work unde 


Most of 


the factors of adaptation and fatigue 


server may opumum 


conditions them relate to 


1. Use of the “ 


ber of this class It 


warm-up’ is a mem- 

tends to 
make adaptation uniform 

2.The water 


to slow down the rate of adap- 


, 
rinses are employed 
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tation to the flavor of whiskey 
because, as it proceeds, finer dif- 
lerences disappea! 

3. Also to retard adaptation there 


rule. The 


is expectorated 


is a “no-svallowing” 
entire sample 
When the 

deeper! regions ol the 
throat it 
fully. However, 
rinsing 
the net 


sensitivity 


whiskey reaches the 
buccal 
and the can be 


Cavity 
perceived more 
in that case 1s relatively 


ineffective and result is 
reduced 
1. The reduced to 45 
proof, which is half the 
whiskey strength. At full 
strength whiskey has such a 
strong flavor and tactual quality 


markedly with 


samples are 


usual 


as to interfere 


taste perception 
5. Time intervals between samples 
with two 


must be controlled 


conflicting objectives in mind 
At least a minimum of recovery 
time must be allowed but inter- 
to the 


vals cannot be extended 


point where forgetting becomes 
important 

6. The order of presentation within 
the unknown pairs is determined 
by chance. If it 


the time or follows any set pat- 


is the same all 


tern, constant errors might arise 


7. The 


kept free from distractions, both 


testing situation must be 


sensory and ideational, to permit 
observers to operate at the op- 
timum. For example, smoking is 
not permitted in the laboratory 
Production personnel are not al- 
results with 


discuss 


lowed to 
the obs« rvers 


8. Motivation is important To 
make the system work the ob- 
server must consider each un- 
known pair a challenge. It is 


t that the criterion 
ability to 


percentage ol 


inal oreal 
made explic! 
o! job Success 1s the 


make a 


“right’ 


good 
responses. At the 
observer is told 


end 

of each test the 
' 

the results and a continuous 

record is ke pt ol each observe r’s 


correct He 


penalty for falling sig- 


percentage knows 
that the 
nificantly below the performance 
level of the group is banishment 
laboratory 


from the attractive 


job to the comparative Siberia 


of the bottling lines Also, a day 
by day competitive spirit Is fos- 
tered among the observer 

For all the space necessary to de- 


1 


attendant 


scribe it. the test and the 

controls seem quite simple. Under 
controlled conditions we ask a ques- 
tion which can be answered, and the 
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answer to which is unambiguous 


Complete data on a single produc- 
tion lot will be either 20 judgments, 
test, 30 judg- 


have 


ol in an extended 


Judgments been re- 


ments 


corded as “correct” or “incorrect.” 


ANALYSIS OF TEST DATA 


use these data for con- 
that all of 
judgments may be guesses or, on the 
other they 
greater or lesser degree of certainty 
However, all 


How do we 


trol? Remembe these 


hand, may represent a 
on the observers’ part 
are treated as being of equal value 


Also each judgment is treated as a 


datum even though it is a member of 
a pair and there is probably some 
degree ot correlation 

If blending of the lot under con- 


normal the X 
with the 
standard C, or quite close to it, and 


sideration has been 


will be identical in taste 
most of the judgments will be, a 
tually However! 
period of time lots will appear which 


guesses ovel a 
cover quite a range of flavor varia- 
tion. As difference from the stand- 
ard increases, guessing will 
less frequent and therefore the per- 
centage of correct responses will be 
higher. How high must this percent 
age go before we can be certain that 
considering the group of responses 
longe1 could 
How high 


“Here is a 


as a whole, they 10 


WoOl k i 


can safely say 


represent guess 
before we 


true difference?” 


To answer this question we look at 
data. What 
expect to happen when the 
Here we 


a situation analogous to the penny- 


a hypothetical set of 
Can we 
samples are identical? have 


tossing experiment where we record 


the percentage ol 
tosses. for 


natives, and each observe: 


heads in twenty 


two alter- 
has a 59 


right on 


there are but 


50 chance of being each 


judgment. Following this analogy 


further, we know that if we run ou! 
taste test on an identical X-C pai 
and then repeat the test many times 


recording the percentage of 


ove! 


correct responses obtained each 


percentages-correct will 


no! mal 


tend to distribute on the 
curve with 50°) correct as the mean 
(It has been established by exper! 


ment that the results on identical 


amples will so distribute.) Now we 
inquire as to the frequency with 
which any given percent-correct will 
Occul 

We analyze our theoretical dis- 


tribution in terms of the Standard 


bec ome 


using the formula 


Error 
7 pq N 
Ww he e 


a Standard Error of 
p percent 


a percentage 
correct 


q-(1-p), or percent incorrect 


N number of 


Cases 


Here the true mean is 50 There 
fore, p ov, q 50. N 20 


0 (.5)(.5)) 20 112 or 11.2 


The significance of the o, is that 


upon repetition of the experiment 


the result will fall within certain o 


limits from the mean _ percentage 


with a known frequency which can 


be determined by reference to a 


standard table of areas under the 


normal curve. Figure 2 diagrams the 


situation under discussion 


50°, is the mean correct 


Referring to the tables, 68.2 of all 


percent 


tests will fall within lo, each way 
from 50°. i.e. between 61.2% and 


3%.8°, correct judgments, and 95.4‘ 
will fall within 20,, or between 
72.4% and 27.6% correct judgments 


that the result of 


beyond any given 


The expectancy 
the test will fall 
6» point is represented by the area 
this 
For example, we could expect 2.3' 
of all tests to fall beyond 72.4% cor 
rect judgments and the same percent 
to fall 27.6% at the 


end of the curve 


under the curve beyond point 


bevond lowe ! 


calculations 


Table 1 
for all pos 


shows these 
ible 


judgments 


percentages using 
and for the 


thirty judgment test, the figures nea 


twenty 


the region which is critical for pur 

poses of this test. Only half of the 
tabulated. In 
umed 
Since 
binomial e 

trict 


symmetrical curve i: 
have as 


the data 


these calculations we 
curve tor! 

with a 
umption 1s not 


a normal 
we are de aling 
pansion this ass 
ly correct, but it is a close enough 
approximation tor this part ular ap 
Columns 1, 2 


total judgment 


plication and 3 show 


respectively num 


be! correct and percent correct 
Column 4 translate this percent 
correct into the o, distance from 
290%. Column 5 shows the percent 


of area under the curve betweer 


50% and this point, and Column 6 


the percent heyond Column 6 ha 
another meaning nee it also give 
the chance in one-hundred oO! 


equalling or exceeding the giver 


perce ntage correct 


To test for difference we compare 


‘sult on an unknown lot 


any given re 
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with this theoretical distribution and 
find out how often that result might 
arise with identical samples. If the 
latter frequency is low we conclude 
that there is a true difference. The > 
reader may be interested in the sig- 4 
. nificance of percentage-correct re- WwW 
sults below 50%. They usually re- 4 
present nothing more than chance WwW 
expectancy with identical samples = 
However, if any percentage is lower 
than chance reasonably would al- 
low, we must conclude that the test 
was faulty—either that the observers | 
were making some type of constant 20 _ rv) le i290 
error or else that for some reason 276 388 500 612 72.4 
they were trying to defeat the test | 
in order to approve the sample. In PERCENT CORRECT RESPONSES 
either case the test is repeated and Figure 2—Theoretical Distribution of Percentages Correct Upon Repetition 
with additional precautions of the Taste-Difference Test on Identical Samples Using 20 Judg- 
ee a a ments. Shaded Area Represents Production Risk with the 2.20 
still have the problem of selecting a Rejection Point. 
workable rejection point, one which Number correct 16 Example 4 
gives assurance of customer Satis- o rating a ; - 
faction, yet one which can be met by Disposition The lot is | —_ a0-judgment hag shows 75% 
production without too great ex- rejected and ee _ —— ee Again this 
pense. The breaking point at pres- must be is border-line and the test is ex- 
ent in use is 2.20,, which point is reblended tended 
indicated in Figure 2. Any test : ‘ New Total 30 
whose result falls below this point Example 3 Number correct 2] 
approves the lot; at or beyond, re- Let us say that the 20-judgment o rating r 
jects it Referring to Table 1, we see test showed 70° correct The 9, Disposition Rejected and 
that at this point there are only 1.4 rating would be 1.8. This is consid- reblended 
chances in 100 that the lot could be ered doubtful and the test is con- alia eesti ; 
identical with the standard. Note tinued ’ CONCLUSION 
however, that this does not explicitl) New total 30 Now let us consider, briefly, a few 
tell anything about the degree of Number correct 19 points which will be of interest to the 
diiacense tatween the tae. Mi bs 6 & ratine 15 theorist and the practical man alike 
logical inference that greater o Disposition Approved This method does not attempt to 
ratings show larger degrees of dif- a: ' 
ference, but the method does not TABLE 1 
require this to be true. In effect we Sigma-p Ratings and Areas Under the Normal Curve Corresponding To 
have said only that it is highly im- Given Percentages Correct 
probable that the lot is identical 
with the standard; definitely we SE Distance] Percent area| Percent area 
have not said that the difference is Total Number Percent from 50% | between 50% beyond this 
such that we should always expect Judgments] Correct Correct | (6, rating) | and this point point 
such a result. In fact, a repetition 
of the test is quite likely to result 20) 10 90.0 0.0 0.00 90.0 
in a lower percentage, although 20 1] 59.0 0.4 15.6 3 
never as low as 50°; 20 12 60.0 0.9 31.6 18.4 
20 13 65.0 1.3 410.3 9.7 
ILLUSTRATIVE EXAMPLES 20 14 40.0 1.8 46.4 3.6 
20 15 75.0 2.2 18.6 l 
Following are examples of the 20) 16 80.0 27 19.7 05 
system in operation. They can be 20 17 85.0 3.1 19.9 0.1 
checked by reference to Table 1 20 18 90.0 3.6 50.0- Very small 
7 20 19 95.0 1.0 50.0- Very small 
Example I] 21) 0) 109.0 15 50.0- Very emall 
Number of judgments 20 
Numbered correct 13 30 18 60.0 LJ 36.4 | 13.6 ' 
o rating 13 30 19 63.3 3 43.3 6.7 
Disposition The lot is 30 20 66.7 1.8 16.4 3.6 
approved 30 2 10.0 2.2 418.6 1.4 
30 22 73.3 2.6 49.6 0.4 
Example 2 30 23 76.7 2.9 19.8 | 02 
30 24 80.0 3.3 50.0- Very small 
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oy, 


prove tnat tne produ tion lots are 

the same as the standard. Rather 
it implies identity, for practical pur- 
poses, through failure to prove that 


a differs nce exists TI is 1S the cus- 


an approved rating of 1.8 o,, it is 
still quite possible that there is a 
true difference, but since, even un- 
de: optimum laboratory conditions 
we cannot prove the fact. we know 


that under field conditions of liquor 


consumption, the difference will be 


unnoticeabie 


Replenishment of standards rep- 
resents a more difficult proble: 
than the testing of production lots 
because here the accumulation of 
even slight differences, over a period 
of time, could lead us away from 
the original taste quality. The solu- 
tion 1s to ¢ xtend testing ofl potential 
standard to five times the usual test- 
length, 100 judgments, and to ac- 
cept lots « ws where results are in- 


ternally consistent and where the 


combined percent-correct lies close 


to 50% Then we do have fair sta- 


tistical assurance of identity 


Note that production must take 
the risk of having rejected, on the 
average of 1.4 times in 100, lots 
which are identical with the stand- 
ard. There is a much greater, but 
unknown, risk of rejecting lots which 
differ in such slight degree that the 
would have no adverse effect on 
sales. Of course, in the final anal: 
sis limits are set. not on the basis ol 
statistical theory alone, but also on 
the basis of what production can 
achieve, and at such a point that 
the cost of reblending and the in- 
cident delay, do not become prohib- 
itive. At the outset of our program 
limits were much wider than at 
present. but. under the strong mo- 
tivation provided by the system, and 
aided by the definite information it 
could give. the production depart- 
ment did such a good job of proces: 
control that limits could be progres- 
sively nal owed 

Those who art adept in the field 
of statistical quality control are 
aware that n general control prob- 
lems are not susceptible to rule-of- 
thumb solutions. Each plant, each 
process, may present a unique prob- 
lem. The system of acceptance tes 
ing of blended whiskey described 
here is just that—a specialized solu 
tion to a specialized problem How- 
ever, it is quite likely that this 
method, and variants thereof, could 
find wide application in the food 
and beverage industries 
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Quality Control of Molded Plastics 
is possible through 
Heat Control In The Mold 














Surface defects . . . blemishes . 
internal strains . . . lack of dimensional stability 
_ all VANISH when 
mold temperatures are closely controlled 


THERMOLATOR’ 


is the leading device for accurate mold temperature control, draining 
or adding heat to either half of the mold. With water lines properly 
designed, THERMOLATOR will control mold temperatures within a 
range of 2 F. 


ASK YOUR MOLDER IF HE USES A THERMOLATOR 


*Pats. applied for For Interesting Booklet on Thermolator 
G pending Control, Write 


INDUSTRIAL MANUFACTURING CORP. 


31 - GEORGIA STREET © INDIANAPOLIS 4, INDIANA 


REPRESENTATIVES: F. W. Jennison, Room 603, 570 7th Ave., New York 13, N. Y 
Pacific Scientific Co., 1430 Grand Vista Ave., Los Angeles 23, 

Calif 
Richardson Agencies, Ltd., 454 King St. West, Toronto |, Canada 

















DOES THE SHOE FIT—?? 


you promptly 


If You! first look at th ] ue of] Indu {7 al Quality (Control Vas at the 
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and proce ing, and if so you will rece e your copy very soon Sut just 
mn the event tl not the case petter get out uur check-book right 
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Applying the Group Chart for X and R 


D. F. BOYD 


Quality Control Analyst, Detroit Engine Division, Kaiser-Frazer Corporation 


N APPLYING the X and R chart 
to control quality during produc- 
tion, situation are sometimes en- 


countered where the number of 
individual chart 


adequats ly a critical operation 1s so 


required to cove! 


great as to present a re al obstacle to 
the practical use of this powerful 
method. A typical problem of this 
kind is presented when a single unit 
of product contains a number of 
identical or closely comparable char- 
equally 


acteristl which are all 


important from the standpoint of 
quality, but which must be properly 
considered as coming from separate 


sub-processes In uch cases the 
group chart for X and R can often 
be utilized to great advantage in re- 
ducing charting labor and increas- 
ing ease of chart interpretation and 
analysis. An application from the 
writer's experience will be cited to 


illustrate these points 


A TYPICAL PROBLEM 


A major automotive engine com 
ponent processed at Kaiser-Frazer’ 
Detroit Engine Division is the cy] 
block sketched in Figure 1 


A critical step in the processing of 


inder 


this part is the initial rough boring 
operation on the six cylinder bores 
of the block. Thi 


formed on vertical borin 


operation 1s per- 

J machines 
of a type represented schematically 
in Figure 2. These six-spindle ma 


chine have two station a hown 





Cylinder Block 


Figure 1] 
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Figure 2 


and machine the six cylinder bores 
of a block in two passes. Cylinde: 
Nos. 2, 4, and 6 are bored while the 
block is at station 1 and the remain- 
ing bores, Nos. 1, 3, and 5 are ma- 
chined when the block is moved to 
tation 2. The process control prob- 
lem presented by this operation is 
that of charting cylinder bore di- 
ameter where each block contains 
ix bores, all of equal size, and all 
of equal importance from a quality 
viewpoint 

A superficial examination of the 
problem might suggest the following 
charting procedure 


1. Consider each block a sample of 
6 bores from the boring process 
2. Set up a single X and R chart 
on bore diameter for n 6, X 
being the average of the bore 
diameters in a single block and 
R the difference between the 
largest and smallest diameter 
measurements 
Such a “solution”, however, would 
in reality be no solution at all since 
a sample selected in this way would 
constitute a “systematic composite” 
and would not permit the calculation 
of valid 3-sigma limits for X and R 
The following analysis of the boring 
operation reveals the reason for this 


Vertical Boring Machine 


From Figure 2 it may be seen that 
largely 
pendent of each other with respect 


the six spindles are inde- 
to their effect on cylinder bore di- 
ameter. This means that the ma- 
chined diameter of each individual 
bore in the block actually reflects 
the pertormance of the correspond- 
ing individual boring spindle. As a 
result, the bores in a single block 
considered the 


must properly be 


product of six independent “sub- 
processes” rather than a single proc- 
ess. If the error is made of comput- 
ing X and R from the bores of a 
single block, R will reflect variation 
between spindles as well as variation 
within spindles. Moreover, a single 
block is not a random sample of 
bores but instead is systematically 
composed so that the product of 
each spindle is represented in each 
sample. Accordingly, the maximum 
difference between any two spindles 
would always establish the range 
which would thus be systematically 
inflated. Since control limits for both 


X and R involve the 
range they would be correspondingly 


average 


spread by the biased values of R 
Limits obtained in this way would 
show a state of control when it did 
not exist, and the purpose of the 
chart would be defeated 
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Figure 3—Inspection Data from One Sample 
Consisting of Five Cylinder Blocks 


To avoid the pitfall just described, 
it is necessary to separate the prod- 
uct of the six spindles for charting 
purposes. To accomplish this, con- 
ventional practice would require es- 
tablishing an X and R chart for each 
of the six cylinder bores based on 
samples consisting of two or more 
blocks. Since two of the boring ma- 
chines shown in Figure 2 are in use 
on the boring operation described, 
a total of twelve X and R charts 
would then be required to chart 
adequately the operation of rough- 


machining cylinder bores 


I believe the reader will agree that 
the prospect of maintaining twelve 
X and R charts on a single machin- 
ing operation is enough to give pause 
to the most enthusiastic advocate of 
quality control by statistical meth- 
ods. In addition to the considerable 
labor involved in maintaining the 
twelve charts, there is the problem 
of making a combined interpretation 
of so many separate charts with 
speed and accuracy. Even the mat- 
ter of finding sufficient space for 
posting such an imposing array of 
charts near the 
Happily 
of escaping this di- 


operation presents 
difficulties the group chart 
offers a means 
lemma _ without 
effectiveness of the control chart 


compromising tne 
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ORIGIN OF THE GROUP CHART 


The group chart for A and R was 
developed by the British during 
World War II and was described in 
“A First Guide to Quality Control 
for Engineers’, a British Ministry 
of Supply publication compiled by 
Dr. E. H. Sealy and issued in 1943 
At the time of its introduction, the 


group chart was primarily _in- 
tended for use with multiple spindle 
machines or batteries of similar ma- 
chines where only one quality char- 
acteristic per unit of product was 
However, the 


being considered 


method is equally applicable to 
charting a number of identical qual- 
ity characteristics in a single unit of 
product and can, therefore, be ap 
plied to the cylinder block of Figur« 
l 

The group chart for X and R offers 
the following important advantages 
when applied to the cylinder boring 


operations described above 


1. The total number of charts re 
quired for charting the bor- 
operation is reduced from 12 to 
2 (one group chart for each of 
two boring machines) 

2. Each group chart summarizes 
in compact form the perfor 
mance of an entire 6-spindle 
boring machine by calling at- 
tention only to the particulai 
spindles producing extreme val- 
ues of X and R, i.e. the one: 
most likely to require corrective 


action 


CONSTRUCTING A GROUP 
CHART FOR X AND R 


In setting up a group chart, in 
spection data are accumulated in the 
same way as if individual X and R 
charts are to be kept on each of the 
Sample size 


quality characteristics 
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Figure 4 


Section of Group Chart for Cylinder Bore Diameter 
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may be set at from 2 to 15 pieces 
although there is little or nothing to 
using a sample size 
The frequency 


be gained by 
larger than n 5 
with which samples are taken should 
be governed by the same considera- 
individual X and R 


In the absence of special re- 


tions as for 
charts 
quirements a good general rule is 
to establish a sampling cycle such 
that between 5% and 10% of the 
product will be inspected in the pe- 
riodic samples. Figure 3 shows in- 
pection data obtained from a sample 
consisting of 5 cylinder blocks from 
the boring machine of Figure 2. Val- 
ues of X and R are computed for 
each of the 6 cylinder 


show n 


bores as 


It is in the miethod of plotting X 
and R that the group chart departs 
In the 
group chart only the maximum and 


from the conventional chart 


minimum values of X and only the 
maximum value of R are plotted. It 
is this omission of the intermediate 
values of Xx and I 


which so greatly simplifies interpre- 


from the chart 


tation of the mass of data involved 
A section of a group chart for the 
cylinder boring operation is given 


in Figure 4. The first set of points 


for X and R on this chart are taken 
from the sample data of Figure 3 
and show the method of plotting ex- 
treme values. It will be noted that 
numbers designating the cylinder 
bore or bores producing the plotted 
values are recorded immediately 
above or below each point 

Control limits for a group chart 
are obtained by the same method 
used for the conventional X and R 
However, in computing the 
X and R all values of X and R are 
ised. For example, while only the 
extreme values from the sample data 


chart 


of Figure 3 were plotted on the chart, 
values of X and R would be 
used in calculating X and R for the 
purpose of obtaining control limits 
The conventional ASTM control 
limit factors A, (used for obtaining 
limits for X) and D, and D, (used 
for obtaining limits for R) are se- 


all S1X 


lected according to sample size and 
applied to the group chart just as 
they are to the conventional chart 
for X and R 
bered that the sample size is the 


It should be remem- 


number of units of product in each 
sample and not the number of qual- 
ity characteristics appearing in a sin- 


gle unit of product. For example, 


in the data of Figure 3, sample size 


is determined by the number of 
cylinder blocks, not the number of 
bores in a single block 


INTERPRETATION OF A 
GROUP CHART 


Interpretation of a group control 
chart is similar to that of a simple 
X and R chart. Since group chart 
control limits are calculated in the 
same way as for a conventional chart 
they have the same significance. If 
the “group-process” has attained an 
initial state of statistical control, a 
sample yielding extreme values of 
X and R within control limits may 
be accepted as evidence that all the 
sub-processes of the group process 
are continuing in control. When a 
point falls outside control limits it 
may be interpreted as significant evi- 
dence that a shift has occurred in 
one or more of the sub-processes be- 
ing plotted. In such a case the par- 
ticular sub-process requiring cor- 
rective action will be indicated by 
the identifying number recorded 
with the out-of-control point. In the 
case of the cylinder boring machine 
this means that the particular spindle 
and boring cutter exhibiting an out- 
of-control condition can be identified 


To Reinporce Your Zuality Program 


Whether the part is right or not 
the COST is still there ! 





to you. 


mation. 


Many Society members are using Elliott “Quality 
Displays” in every manufacturing department as 
reminders to employees. 


If you would like to see these displays exactly as 
they are sent to subscribers every week, we'll be 
glad to mail a copy of the last six consecutive issues 


Colorful and attractive, a large 17” x 22” in size, the 
displays are modestly priced. 


Steel display frames are loaned on subscriptions. 


FREE ‘Quality Package’ to Society Members 


1. Copy of new booklet “How to Maintain Qual- 
ity’’ by Glenn Gardiner, Vice President, Forst- 
mann Woolen Company. 


2. Six samples of actual displays—17” x 22”. 
3. Three “Quality” issues of Management Infor- 


Write for your “Quality Package” to: 4. Complete descriptive folders and prices. 


ELLIOTT SERVICE COMPANY Est.1911 30 N. MACQUESTEN PARKWAY MT. VERNON, N. Y. 
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immediately and corrected. For ex- 
ample, the first point falling outside 
control limits in the chart of Figure 
4 is identified with cylinder bore No 
3. Reference to Figure 2 will show 
that spindle E of the boring machine 
is the one which should be checked 


If all sub-processes plotted on a 
group chart are operating at the 
same controlled level, the identifying 
numbers recorded with the plotted 
points may be expected to appear in 
a random fashion. Conversely, if the 
same sub-process consistently yields 
extreme values near the same con- 
trol limit, it may be interpreted as 
strong evidence of a shift in the sub- 
process even before a point falls out- 
side control limits. 


ADDITIONAL APPLICATIONS 


The application of a group chart 
to the rough cylinder boring opera- 
tion which has been described in 
some detail is one of a number of 
similar control charting problems to 
which the group chart has been ap- 
plied successfully at the Detroit En- 
gine Division. Other 
have been made in machining of 
cylinder block main bearing bores, 
cam bearing bores and crankshafts 
All of these operations present simi- 
lar charting problems in that they 
identical quality 


applications 


involve several 
characteristics which appear in one 
unit of product but which reflect the 
performance of independent sub- 


processes, 


CONCLUSION 
To summarize, the writer has 
found the group chart for X and R 
an effective and economical device 
for charting machining operations in 
which the use of conventional X and 
R charts would impose a prohibitive 
burden of paper work as well as an 
obstacle to rapid overall evaluation 
of “group-processes of the type de- 


scribed 


Reference 


E. L. Grant, Statistical Quality 
Control, pp. 192-196 


Quality Control in the Forging Industry’ 


D.G. BROWNE 


Sales Manager, The Broderick Co., Muncie, Indiana 


W* at The Broderick Company 

introduction to 
quality control through Hugo A 
Weissbrodt, who is in charge of the 
Fort Wayne operations of Interna- 
tional Harvester, and in his plant, 


received our 


applies quality control to the assem- 
bling of trucks, to the machining of 
parts for those trucks, and to the 
forging of many of the parts which 
enter those machining and assembly 
lines. In seeing quality control in 
his plant it was only natural that 
our interest should center in his use 
of this new technique in the forge 
plant. It was natural, also, that our 
own early thinking about quality 
control should have been conditioned 
by the impressions gained in that 
visit. At that time none of us knew 
a double bar X from an alphabet 
noodle, but we did make an early 
application which was logical and 
simple and has proven to be profit- 
able. More recently, we have taken 
a slightly different course. Both of 
these applications will be discussed 
in this paper, but first we shall de- 
scribe what a forging is and how it 


is made 


Condensation of a paper given before the 


Muncie Section, ASQC, August 25, 1949 
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FORGING OPERATIONS 


Even though forging is a highly 
specialized technique, it has two 
basic characteristics which are also 
found in othe 
These characteristics are: we change 
the dimensional but not the physical 


many industries 


properties of our raw material and 
we use more raw material than we 
need, selling the overage as scrap 
Similar conditions are encountered 
in many other processes from metal 


stamping to a tailor made suit 


Forgings are made on three differ- 
ent types of equipment hammers 
upsetters and presses, mentioned in 
order of their development. We shall 
mention the upsetter only briefly 
It is a machine which holds a piece 
of round bar stock and forms, on 
one end, an enlarged section of the 
size and shape which are dictated 
by the corresponding impressions in 
the forging dies. It is very simila 
in its operation to the smaller ver- 
sion of the same machine which put: 
heads on nails, bolts and rivets, and 
in fact, in the forging industry an 
upsetter is usually referred to as a 
And just as a nail is mostly 
little head, so the 


header 


nail and very 


average product from an upsetter is 
little 


have 


mostly bar stock and very 
forging For this reason, we 
made no application of quality con 
trol to our upset operation and, in 
my opinion, we will not do so for a 
long time 

The time honored method of mak- 


ing forgings—one dating back in a 
simpler form to the middle ages—is 
the steam or board hammer, and 
more recently it has been supple- 
mented, but not in any sense re- 


While 


these two machines are radically 


placed, by the forging press 


different, they are fundamentally the 
same in principle in that they both 
bring together two steel die blocks 
each ol whic h carries an impression 
sunk into its meeting surface. The 
impact or pressure of their contact 
acts on and shapes a billet of steel 
heated to a 
hape of the 


or non-ferrous metal 
plastic state, into the 
impressions thu producing the 
forging. In the case of the hammer: 
the work is 


and it should be noted that the Op- 


done through impact 
erator, by varying the number and 
intensity of the blows ha in his 
much unde: 
Thus 


the human element is a vital factor 


hand a useable tool as 


his control as a screwdriver! 
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Figure 1 Typical Control Charts on Maxi-Press Production of Ring Gears. 
Each Plotting represents the average and range of one sample of 
1 taken each hour. Approximately 1% sampling. These charts 
cover the production of about 20,000 forgings. 
in hammer operation In the case dimension cut into lengths, each of second deeper channel, known as 
of the press, the work is done by which approaches the proper weight the “gutter”, is cut in the face of 
pressure and is completed in one As steel is purchased today, its oute: each die, completely surrounding 
blow. While the machine is subject surface is “conditioned” before ship- the flash groove 
to adjustment, its operator can do ment to remove defects and where To be acceptable, forgings must 


it through one 


cycle by pushing the control button 


no more than send 
Thus the press is largely devoid of 
the personal element 
if 


turbed 


in operation, 


and, its adjustment is not dis- 
is capable of close perform- 
ance 

At first it 
that forging is a simple technique 
the 


the dies are the right shape and size 


glance would appeal 


make sure that impressions in 


put in enough steel to fill them, and 


you have a forging. Actually how- 
ever, it is not quite so simple. The 
surfaces of the impressions wear 


away during forging, thus enlarging 


the cavity and producing a forging 


which slowly increases in size and 
weight throughout the life of the 
dies. This variance must be held 


within the engineering limits set up 
by the customer, and thus is estab- 


lished the life of the die between 
successive re-cuttings of the impres- 
sion, or “re-sinkings” as the term 


Beyond all 


impossible 


is used in the industry 
this, it 
to put in “the right amount of steel” 
Steel is fed to a forging furnace in 
the form of billets 


a bar of the correct grade, shape and 


is commer ially 


small sections of 
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conditioning is severe there is a 
heavy removal of metal, thus reduc- 
ing the cross-sectional and, 
consequently, the 
billet cut from such a bar 
of this condition, steel is considered 
commercially acceptable if its weight 
varies no more than above and 
5°) below the theoretical value. Be- 


yond this consideration, and furthe: 


area 
of 


Because 


weight any 


o% 


compounding the variable, it is im- 
billets in 
than 


possible to saw or shear 


commercial closer 
1/16” or at best 
length 

In practice, it is the universal cus- 
tom to use a billet larger than that 
required to make the forging and to 
trim off the excess metal, known as 
“flash”, from the finished part. In 
order to make room for this excess 
metal to gather, a shallow but wide 
groove is cut in each die completely 
the This 


is made 


operations 


1 32” to a desired 


surrounding 
flash groove intentionally 
shallow in order that resistance may 
be created to the flow of metal into 
it, thus forcing the plastic metal to 
fill the impression first. In order to 
provide a further safeguard for the 
of stock, 


impression. 


accommodation excess a 


have dimensions which lie within the 
tolerances specified by the customer. 
Certain of these dimensions are pro- 
duced solely by the dimensions in 
the impression in one of the two dies. 
Others, however, which span the full 
thickness of the forging, are created 
by the dimensions of the impressions 
in both dies and also by the amount 
the dies come together. Take, for 
example, a simple sprocket with a 
hub on each side of the central web. 
This would be forged fiat so that 
the flash would surround the outside 
of the sprocket, and the plane at 
which the two dies meet would pass 
through the center of the hub and 
the web. In such forging, all 
diameters in the sprocket would be 
established by the dies and this 
would also be true of the height of 
the hub above the web. However, 
the thickness of the web itself and 
the length through the hub would be 
determined by the depth of the die 
impressions and also by the amount 


This latter 


a 


the dies come together. 
distance is capable of control—by 
adjustment in the press and by 
manipulation in the hammer. Thus, 
forgings be produced to 


can a 
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Figure 2— Control Charts of 100°, Sampling of 300 Ring Gears Taken During 
the Run Shown on the Charts in Figure 1. 
These forgings were made from billets held to 4 oz. variation 
This entire chart covers a time interval shorter than one plotting 


- 


in Figure ] 


definite dimensional 
express it differently, to a definite 


weight range. 


FORGING 


There are certain forging defects 
which are commonly encountered in 


he t S roderich C omy any 


production One of the simplest 
forms is found when the billet is 
either too light in weight or is of the 
proper weight but is badly centered 
in the impression, thus producing 


a forging which has not completely 


filled the die. This is known as a 
“not-filled” forging. Again, when 
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Figure 3— Typical Control Charts 


on Hammer Production of Ring Gears. 


One sample of four taken hourly and the average and range plot- 
ted. Note weight reduction obtained through redesign of dies to 


approach lower Engineering limits 
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the dies are set up in the hammer o1 
press in such a way that one die is 
not directly in line with the other, 
the forgings so produced will have 
an eccentricity existing between the 
two halves which represent the two 
impressions Such a_ forging is 
known as a “mis-match’. In pro 
ducing any forging by any method 
the plastic metal should flow smooth- 
ly into the impression, thus forming 
a homogeneous mass. At times, due 
to any one of a number of reasons, 
one portion ol the plastic metal will 
flow ahead of the balance and be 
folded over against the main body 
of the metal in filling the die. Be- 
cause of the constant presence of a 
light scale on the surface of all forg- 
ings in process, the metal at such a 
lap does not weld together and undet 
subsequent machining the lap would 
peel out forming a depression. This 
condition in a forging is known as 
a “cold-shut”. When billet heating 
is conducted at too high a temper- 
ature or for too long a period o1 
under improper atmospheric con- 
ditions, the resulting scale cannot 
be fully removed before forging, and 
this excess scale, when finally re- 
moved from the surface of the forg- 
ing into which it had been forced 
leaves pits in the surface which may 
be deep enough to cause rejection 
Such a forging is known as a “scaly” 
forging. Finally, the surfaces of 
commercial forging bars sometimes 
contain minute cracks which, unde1 
certain working conditions, open up 
into seams in the outer surface of the 
finished product frequently to such 
a depth as to cause rejection. Such 


forgings are called “seamy 
FORGING INSPECTION 


Now a word about inspection. Our 
company follow the pattern com 
mon to the industry in having two 
type of inspection hot and cold 
A Hot Inspector is responsible fo: 
the quality of the output of a ce 
tain number of pieces of equipment 
He draw amples of hot forgings 
from each of these machines at 
regular intervals and inspects them 
for common defects as well as for 
conformance to dimensions. It should 
be noted that in checking dimen 
ionally he uses a shrink rule. In 
many cases the weight of a forging 

a direct criterion of its dimen- 
ion o that if a forging weighs 
within limits he knows that it is also 
dimensionally within limits. Weight 


as a matter of fact, has become our 
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Form D 
most frequently used variable in of extra metal trimmed off as flash oughly established, we took our first 
applying quality control. It is within may range from a maximum which step in reducing forging weight by 
the Hot Inspector's authority to shut could approach absurdity down to bringing the dies closer together and 
down any operation which, in his a minimum where too little is left by making a corresponding reduc- 


is producing below the ac- 
level. A Cold 


examines all production immediately 


opinion 


ceptance Inspector 


ahead of shipment, looking for any 
rejectable defe¢ and checking fo 
straightness or any other quality 


which may be demanded by the cus- 
tome! All rejects from cold inspec- 


tion are eithe re-worked or 


crappe d 


APPLICATION OF SQC TO A 
FORGING PRESS 


In looking for an obvious applica- 
tion of quality control to our prob- 


lem, it seemed simplest to search for 


a means of economizing in steel 
Two means of economizing are avail- 
able First, the dimensions of any 
forging are permitted to float be- 
tween upper and lower engineering 
limits set by the customer. Thus 
forgings may be of any weight be- 
tween heavy and light extremes 
which correspond to these dimen- 


sional limits. Secondly, the amount 
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for a good trimming operation. The 
effected when 
these two variables are at the lowest 
sound 


greatest economy is 


point consistent with com- 


mercial 
When our interest in quality con- 


practice 


trol was first awakened, we were in 
production of 
forgings of our 
forging presses. Our first application 
consisted in tabulating the weights 
of averages of four hourly samples 
of finished ring 
under conditions identical with those 


almost continuous 


ring geal on one 


gears produced 
which had existed previously. These 
readings are shown in the left hand 
portion of Figure 1. On this, as well 
the 
our use of the figure 12 


two similar charts, 
8 refers to 
twelve pounds eight ounces, and the 

to the left of the 
fractional inches in 


as on other 


shown 
the 
dimensions which constitute the en- 


fractions 
chart are 
gineering limits set by the customer 
as allowable diviation from his 
When the pattern represent- 
ing past performance had been thor- 


mean 


tion in the weight of the billet in 
order not to crowd the press with 
excessive flash. Average weights of 
four hourly samples under this new 
setting are shown on the right hand 
side of Figure 1. A reduction of 4% 
ounces in the weight of the forging 
itself is shown as being the differ- 
ence between the two average lines 
on Figure 1, and the total saving in 
weight of steel put into the job in 
billet form actually amounted to 8 
ounces, or a little over 3 cents per 
forging. At the same time, Figure 1 
shows that the limit 
for individual forgings has not yet, 
this 
dangerously close to the low engi- 
neering limit at the left of 
the Later changes in 
chine setting, die design, and billet 


lower control 


at lower weight, approached 
shown 
chart. ma- 
weight increased our economies to a 
final five cents a forging 

Early in the run which is recorded 
in Figure 1, it became apparent that 
the range in four samples at any giv- 
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Form E 
en time was exceedingly small, but consecutively and 100° sampled 
that the actual weight was inclined with the results shown in Figure 2 
to float through a much wider in plottings of averages of four. The 


spread over a day’s or a week’s oper- 
Our product was at all times 
safely within but there 
was a lack of weight and dimension- 


ation 


tolerance 


al consistency which was disturbing 
We that the weight of the 
forging was directly affected by the 
variation in the weight of the billet 


knew 


as well as by the variable factors in 
the forging operation itself, and we 
the 


individually 


were interested in determining 
effect of 
Accordingly, during the run, a se- 
lected group of 300 billets was used 
which, afte 


weighing of all av 


these factors 


each of careful and 


laborious ailable 


billets, was found to fall within a 
range of two ounces ove! and two 
ounces under a_ predetermined 


weight. These 300 billets were forged 
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contrast between this and the previ- 


ous chart is striking. In comparing 


these two charts, it must be remem- 
bered that the entire run of Figure 2 
than 


evident 


represents a time interval less 
on Figure 1. It is 
fed a 


vorks 


one de t 


that, when uniform product 
the 


( lose 


press within extremely 


limits, at any given short 


With this fact 
the charts in Figure 1 


pe- 


riod of time estab- 


lishe d 


re-examined 


were 
and it was found that 
all vagrant plottings on the high side 
taken at the 


shift o1 following a 


represented reading 
beginning of a 
lapse in operation due to die changes 
or other machine adjustments. Dur- 
the 


temperature of both the furnace and 


preceding down time 


ing ne 


the dies had lowered and, on starting 





up again, we were forging less plas- 
tic steel with cold equipment, natur- 
ally producing an overweight forg- 
ing 
The 


tribute to such wide-spread opera 


various factors which con 
tion have since been studied critical- 
ly and we have reconciled ourselves 
to the fact that they 


able, but 


are all correct 


unde: | 


not norma: ope! 
ating conditions. It would appear 
that we will always have, in the 
forging press, an operation which 


stays well inside engineering limit: 
out of con 
that 
maintained as indi 


Dut remains consistently 
trol It is 


tions cannot be 


unfortunate condi 


cated in Figure 2. Were this the case 


we could adjust to a point where 


forgings fell just above the low limit 


and be assured of maximum econ- 


omy with little danger of violating 


set tolerances. However, even unde1 


normal variation, economies have 


been effected in a large number of 


cases, similar to and equalling the 


profit reflected in Figure 1] 


APPLICATION OF SQC TO 
HAMMER FORGING 


The hammer presents a completely 


different problem. Functioning as it 


does through impact, it is unde 

standable that no hammer can _ be 
maintained in the same nice adjust- 
ment that is possible with a pre: 

To compensate for this, much of the 
result achieved by a hammer is due 
to the operator rather than to the 
machine and, in consequence, a full 


run on the hammer will yield a more 
uniform product than will a full run 


We have capitalized on 


uniformity in a 


on the press 


this great many 


cases, one of which is illustrated in 


" 


Figure 3, which again plots average: 


of samples of four. This chart repre 


sents a large gear on which we have 
been in intermittent production for a 
con 


elect 


long time. In starting quality 
trol on hammer operation we 


ed 


trial and recorded weight: 


our next run on this gear as a 
which de 


veloped out of machine settings the 
ame as those in effect in our last 
previous production. These weight 
are shown on the left hand side of 


9 


Figure 3 


varying around a center of 
33 pounds 4 ounces, in contrast with 
an upper limit of 33 pounds 2 ounces 
After a run of sufficient length to e: 

tablish the pattern, we the 
volume of the impression by planing 
off the 
ind lightened the weight of the billet 
The result is 
right hand side of Fig- 


reduced 


meeting surface of each die 


orrespondingly net 


hown on the 
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ure 3 where it is seen that the forg- 
ing average approximately 3] 
pounds 6 ounces, or a saving in 


There 


ghntening pos 


weight of ] pound 14 ounce 

still some further 
ble beyond that shown in Figure 3 
and tn ha been acc mpil hed since 
these readings were taken. It should 
be remembered that the ] pound 14 


; 


ounce aving hown ior the me 
forging weight only. Our actual sav- 
ing in the amount of steel put into 
this job u billet form was 3 pound 
8% ounces, or an equivalent of 21 


cents 


DATA AND WORKSHEET FORMS 
USEFUL FOR SQC IN FORGING 
OPERATIONS 


Recently, we have taken a new ap- 


proat h to qual ty control through the 
tabular heet of which 


Form D is a completed example. Thi 


Us ol a 


form hangs in a transparent en- 


velope beside the forging equipment 
and, each hour, is removed so that 


the results of checking the previou 


hours work may be entered, and 
hen returned to the envelope. It will 
be noted that the vertical columns 
are arranged to record weight and to 
check against normal defects. Weight 
variable and the theoret- 
cal weight at upper and lower en- 
gineering limits is shown at the left 
All other columns show 
When this form is 


completed it is folded to form a lette: 


of the form 


defect attributes 


size sheet and the weights are trans- 
ferred to the reverse side where 
averages and ranges are calculated 
This reverse side, with the figures 
entered hown in Form E 


This new form has many advan- 
tages It presents an hourly record 
to the operating crew, thus introduc- 
ing the incentive and rivalry element 
into production. It provides an in- 
tant warning when any type of de- 
fect becomes repetitive, and results 
in corrective measures or in shutting 
down the job It supplies weight fig- 
ires which, at any time, can be con- 


Finally 


verted into a control chart 


it gives very valuable information to 
the cold inspection department. per- 
inspectors to relax 


mitting these 


vigilance on certain types of defects 
which have not shown up in hot in- 
spection and to concentrate thei 
search for forgings showing those de- 
fects which prevailed during pro- 


duc tion 
CONCLUSION 
A closing comment seems appro- 


We firmly 


ity control can be 


priate believe that qual- 
profitable to the 
forging industry by eliminating cer- 
tain losses now suffered through the 
use of more steel than is needed 
Our own experience indicates that 
fertile 
Finally it is 


lighter and 


this is the most source of 
economy open to us 


ir opinion that the 


more uniform forging made possible 
by quality control will be appreci- 
ated by the machining industry and 
we hope that, in time, it will com- 


mand a premium price 


The Effect of One-Sided Truneation on 


the 


Average of a! 





IRVING B. ALTMAN 


ormal Distribution 


Quality Control Statistician, Bureau of Ships, Department of the Navy 


the in pection ol an item at a 
Naval Ordnance Establishment 
the specification requirement called 
for the lot average of a particula: 
electrical characteristic to be equal 
to or greater than a certain value M 
Sines the 
approximately 3000 unit 


in pection lot contained 


sampling 
inspection by variables was utilized 
it-by-lot evaluation of thi 
Where the 


acceptance criterion wa 


im the 
electrical characteristic 
variable 
not satisfied and the lot was rejects d 
the problem arose as to the approx 

mate value of the characteristic be 

low which a minimum number of 
units would be screened out with the 
emaining units averaging at least 
the specification minimum of M and 
thus be accepted on resubmission 


Figure 1 gives a graphical solution 
of the increase in the average of the 


resulting truncated Normal Distribu- 


30 


tion depe nding on the percent ol the 
Normal Distribution truncated. The 


appendix to the paper presents the 


mathematical derivation and com- 
putation ol the vai is circled point 
in Figure 1 

A hypothe tical « xample will illus- 
trate the procedure in determining 


the approximate truncation value 
for a lot not meeting the specilica- 
tion average 


sample ol 


Suppose that a randon 
200 variable measurements of con- 
leakage gives a mean of 


X 800 megohms and that the 


standard deviation of this electrical 


dens« I 


characteristic as determined from 
experience is 200 megohms The 
specification requirement fo! the lot 
average is assumed to be 900 meg- 
ohms minimum. Since the differences 


| | 
between the average or the sample 


1 «] ! 
and the iot average minimum specl- 


fication is too large to attribute to 


; 


sampling variation, it is necessary t 
screen out the low values of the con- 
denser leakage so that the remaining 
units will average 900 or more meg- 
The 95 


the lot average are computed Irom 


ohms confidence limits fo: 
the formula X (1.960) n and 
found to be 772 to 828 megohms. An 
increase of 128 megohms is neces- 


sary to brin the lower confidence 


limit of the lot average (772) to the 
$00 megohm minimum requirement 
Referring to Figure 1 and using 
the value of sigma determined from 
experience (200 megohms), an in- 
crease of 128 megohms corresponds 
to 128 200 640 on the vertica 
axis. Reading from this point ove! 
to the curve and thence to the hori- 
zontal axis, we find a 39°) truncatior 
Entering a Normal Area 
Table, the normal deviate (K) below 
which 39° of the distribution | 


required 


is Is 
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INCREASE IN X FOR TRUNCATED DISTRIBUTION 
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tT 
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Substituting in 
(T-772) /200 


value (T) is 


().28 
K 


truncation 


found to be 
the formula 
0.28. the 


found to be 716 megohms 


Hence f the lot ean were ) 7 
nally at 772 megohms, truncation a 
716 me gohms vould he ( nected { 
raise the nean of the remaind ( 


the lot to 900 meg 
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vhere K (T X ) Upon in the deviate K 1.645 and the o1 
tegration of the numerator. the fo! dinate at tni value of K as 1032 
mula becomes Then X’ (.1032) /.95 1086 in 
units of the standard deviation of the 
) ' ( intrunecated normal curve There 
xX’ ‘ -K | du fore 1086q would be the increase 
)- D5 
- \ K n the average of the untruncated 
, \ 
normal curve because of a truncation 
ol The ( | ol ‘ Oo! 
, a oa pee . 3 The other circled point 
dinat tC and the denaminat Figure 1 were computed in like man 
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Assume X = 600. 


Deviate (K) 


800, T= 200,T = 
=(T - ==1,00. 
Truncation at 600 cuts off approxi- 
mately 16% of Normal Distribution. From 
curve, 16% truncation increases x by 
0.29€ and Average of Truncated Dis- 
tribution (x') is 800 @ 58 = 858. 
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gives a systematic treatment of the 
more important and useful experi- 
mental arrangements or plans and 
goes far beyond simply bringing to- 
pay-off of pertinent 
recorded accom- 
heretofore were 


gether the 
papers and othe: 
plishments which 
scattered widely throughout statis- 
tical literature. The book takes into 
account many of the major problems 
related to experimentation and gives 
a clear and concise account of the 
reasoning behind the experimental 
arrangements ff order that the re- 
sults of one’s endeavor will not be 


vitiated 


The authors of Experimental De- 
signs are well qualified to write this 
book. They have had not only con- 
siderable experience in the field of 
experimental statistics but have 
made outstanding contributions to 
both the developments 
and the statistical treatment of data 
for a sound analysis of results. It is 
believed that due to the particula: 
character of Experimental Designs, 
the advent of this book will effect 
considerable progress toward put- 
ting experimentation in all fields 
scientific basis 


theoretical 


of endeavor on a 
The experimental arrangements and 
plans covered in the book carry di- 
rectly over into the various engi- 
neering fields with only minor, if 
any, modifications; it can be said 
that the various fields of engineering 
have long had an urgent need for 
the procedures covered in the book 


A paper wrapper to the book has 
the following annotation 


“A guide to better-planned, 
more accurate experiments. The 
authors present plans for 150 of 
the most useful experiment de- 
signs, point out their advantages 
and limitations, and provide de- 
tailed instructions for using each 


of them.’ 


The reviewer considers that this is 
an under-statement. After 
ductory chapters which present very 


intro- 


convincing arguments for the scien- 
tific design and statistical analysis 
of experiments, the book covers the 
following very useful and practical 
com- 


experimental arrangements 


pletely randomized designs, ran- 
domized block designs, Latin square 
designs, cross-over designs, Graeco- 
Latin square designs, factorial ex- 
periments along with principles of 
confounding, lattice and cubic lattice 
designs, balanced incomplete blocks, 


lattice squares, and Youden squares 
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With the spread of quality con- 
trol, the engineer has become in- 
creasingly familiar «ith randomized 
blocks, Latin squares and to some 
extent factorial experiments. How- 
ever, as progress is made, the engi- 
neer will have considerable use for 
the less widely-known balanced in- 
complete block designs, lattice and 
cubic lattice designs, etc. In most 
experimental work it is generally 
necessary to divide the larger-scale 
experiments into “blocks” or sub- 
sidiary parts for test purposes in 
order that differences between 
blocks can be accounted for in case 
such discrepancies occur, and so that 
the accuracy of the experiment can 
be thereby increased. (The engi- 
neer will use the term “block” in 
his experiments to mean a day, sev- 
eral operators adjusting a_ single 
machine, a group of materials tested 
under the etc.) 
In such cases the entire number of 


same _ conditions, 


treatments, lots, types of material, 
etc., which are to be compared do 
not have to be tested simultaneously 
at one time on a single day, unde: 
essentially the same conditions, etc., 
provided the experiment is prop- 
erly designed so that the statistical 
analysis of results can in effect elim- 
inate differences which arise due to 
the different blocks or subsidiary 
parts of an experiment. Hence, the 
experimental designs with small 
block size will be not only very 
attractive to the engineer, but will 
become of great importance to him 
because of, for example, tool wear, 
non-reproducibility of test results 
from day to day, or “errors of the 
day” in measurement, limitations in 
test facilities, etc. All of the designs 
will be found useful in both de- 
st.uctive and non-destructive tests 


One of the vital problems facing 
the engineering field today has to 
do with the matter of inter-labora- 
tory testing. Here contradictory re- 
sults arise because of differences in 
location of and climatic conditions 
at the laboratories, different types 
of instrumentation, different opera- 
There 


sources of 


tors, errors of the day, etc 
therefore, many 
variation or components of variance 
which could be handled simultane- 
ously and treated effectively by ap- 
propriate experimental designs. As 


arise, 


a matter of fact, it is not possible fo 
many laboratories to attach accurate 
standard errors to their measure- 
ments because they have not con- 
investigations to 


ducted adequate 


estimate the different components of 


variation. Indeed, it would appear 
that systematic experiments carried 
out with all statistical validity would 
reduce to a minimum the many 
arguments which are now being en- 
gaged in by industrial personnel. 


Although Experimental Designs is 
written mainly with the biological 
and agricultural fields as_ back- 
grounds, the engineer should ex- 
perience no particular difficulty in 
translating the language and statis- 
tical content of the book to the 
jargon of his own field. The book is 
notable in that it contains precise 
treatments of many of the important 
aspects of scientific procedure which 
the engineer has long been in need 
of and which have been ignored al- 
together or considered too lightly in 
other books on design and analysis 
of experiments. In addition to the 
methods of statistical analysis, the 
assumptions underlying many of the 
designs and the analysis technique 
are given in some mathematical de- 
tail (although generally the engi- 
neer will not have to be vitally con- 
cerned with this, but could consult a 
statistician as necessary), the meth- 
ods of randomization are emphasized 
and outlined, the important problem 
of treating missing data is covered 
along with each of the designs, con- 
sideration is given to the efficiency 
of the particular type of design, and 
formulae for the standard errors of 
the difference between two treat- 
ment or variety means are given for 
the various designs. Thus, all nec- 
essary and important details for an 
adequate analysis are covered and 
the formulae given can be depended 
on to be accurate. 


It is for the above reasons that the 
reviewer regards this book as the 
only one which has appeared on 
design and analysis of scientific ex- 
periments that is more or less self- 
contained. That is to say, upon be- 
ing faced with an experimental pro- 
gram, the engineer, based on his 
own knowledge of the experimental 
setup and his familiarity with the 
material involved, can very likely 
decide on the type of experimental 
design or procedure to employ. All 
he has to do, then, is open the book, 
pick out an appropriate plan (the 
experimental designs or plans are 
given at the end of each chapter), 
follow the suggested method of ran- 
domization in arranging the material 
for test into blocks, and proceed 
confidently with the 
Once the experiment has been com- 


experiment. 
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pleted, the methods of statistical 
analysis can be found in complete 
detail in the book, and the compari- 
sons and conclusions established on 
a sound basis. It is easy, therefore, 
for the reader to see why the book 
nothing 
with the 
experimental program and its sub- 
sequent analysis is left out. This 
approach should eliminate much of 
the confusion in test results which 


has plagued the engineer in the past. 


can be used as a manual 
of importance connected 


Other than the praise indicated 
above, the reviewer should say he 
is somewhat disappointed to find that 
the treatment of components of vari- 
ance is covered rather superficially 
in the book. Components of vari- 
ance are of particular importance to 


the experimenter, and the engineer- 
ing statistician is in dire need of 
them in research and development 
work to determine which aspects of 
a problem should be tackled next. 
To call for this additional treatment 
in the book may have lengthened it 
unduly and perhaps this is the rea- 
Also, the re- 


somewhat at a loss t 


son for its omission 
viewer is 
understand the reasons for omitting 
the significance levels of the common 
statistical tests of significance such 
as Student’s t-test, Snedecor’s F-test, 
etc., as these tables would only add 
a few pages and would have a 
definite place in a book of this type. 


Finally, it is pointed out that the 
book is written around the assump- 


“cell”, 


tion of one observation per 


Riblioanaeod 


JOSEPH MOVSHIN, Editor 


which apparently covers practically 
all cases in agricultural and biolog- 
ical work. In a large number of 
cases the engineer will have two o1 
more observations per cell; but he 
is in a fortunate position here as he 
can generally estimate the random 


error or residual variance directly 


Notwithstanding these latter com- 
ments, however, the reviewer rec- 
ommends without reservation that 
Experimental Designs is the book 
for those engaged in experimental 
statistics. Cochran and Cox are to 
be congratulated and thanked fo: 
this outstanding achievement and 
the service they have rendered to 


those engaged in experimental work 


Assisted by the Editorial Committee, St. Louis Section, ASQC 


APPLICATION—ELECTRICAL 
INDUSTRY 


QUALITY CONTROL IN TV RE- 
CEIVER PRODUCTION; L 
Lutzker, Q.C. Engineer, Allen 
B. Dumont Laboratories, Inc. 

(TV Engineering v. 1, n. 2, Feb 
1950, p. 6.) 

Application of p and c charts, 
and sampling inspection, to the 
TV Receiver Mfg. Division 
Setting up of inspection speci- 
fications and procedures, organ- 
ization, and responsibilities for 
action are described. Illustra- 


tions and graphs 


QUALITY CONTROL-LIMIT 
CHARTING TECHNIQUES; L 
Lutzker, (TV Engineering, v. 1, 
n. 7, July 1950, p. 16.) 

This article discusses the need 
for quickly calculating control 
limits and gives fairly extensive 

tables for upper and lower lim- 


its for c charts 


APPLICATION—MEDICAL AND 
DRUG INDUSTRY 


THE PRECISION OF THE U.S.P 


ASSAY FOR PROTAMINE 
ZINC INSULIN; C. I. Bliss, 


(Journal of the American Phar- 
maceutical Assoc., v. 38, n. 10. 
1949, p. 560.) 
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Bibliography Department, send 
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and contributions to: Mr. Jo- 
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Precision was tested by statis- 
tical analysis of parallel assays 
of 24 preparations of Protamine 
Zinc Insulin in different labora- 
Results: U.S.P. method 


is capable of finer distinctions 


tories 


than are required in practice 
A TURBIDIMETRIC METHOD 
FOR THE ASSAY OF STREP- 
TOMYCIN AND ITS CRITI- 
CAL EVALUATION; Elizabeth 
J. Oswald and Lila F. Knudsen, 
(Journal of the American Phar- 
maceutical Assoc¢ Vv. wo, a. & 
1950, p. 61.) 
A statistical 
factors entering into the test is 


analysis of the 
presented. Included are a nom- 
ograph and formula for the de- 
termination of the standard er- 


ror of the assay 
APPLICATION—METALLURGI- 
CAL INDUSTRY 


QUALITY CONTROL OF ALU- 
MINUM ALLOY CASTINGS 


Richard R. Senz, Aluminum 
Company of America, Cleveland 
Ohio 

(The Foundry, v. 78, n. 7, July 
1950 p. 64.) 

A discussion of the factors for 
control of quality under the 
following headings 
Design 
Foundry practices 
Inspection methods 


Role of statistics 


APPLICATION—MISCELLA- 
NEOUS 
QUALITY CONTROL—A VALU- 

ABLE EMPLOYEE; Dr. J. H 

Toulouse, Owens-Illinois Glass 
Co 

(Ceramic Industry, v. 54, n. 5, May 
1950, p. 75.) 

A brief history of quality con- 
trol and an outline of some fields 
of application within an indus- 
try. (Receiving inspection, proc- 
ess control, and design of ex- 
periment) 

QUALITY CONTROL OF COR- 
RUGATED SHIPPING CASES 
FROM A _ BUYER’S VIEW- 
POINT; E. H. Balkema Colgate- 


Palmolive - Peet Co Jersey 
City N. J 
(Tappi, v. 33, n. 5, May 1950, p 


26A.) 
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The PRACTICAL 
points of applying 
statistics to technology 


TECHNOLOGICAL 
APPLICATIONS 


7 —eof STATISTICS—~ 


Ay tne riprerti 


Industry Re 


British Cotton 
sarch Assuciation 


CONTENTS: 


PART 1 PART tI 
THE ROUTINE CONTROL INVESTIGATION 
OF QUALITY AND EXPERIMENTATION 
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A presentation of the problems likely to be met in 
Not 


picture ol 


much 


controlling the 


statistics, but 


quality of shipping cases 


tnis arti le does vive a clear 


the need for close ¢ operation between buver and 


vendor 

CONTROLLING CONTAINER QUALITY: G. A. Far- 
rah, Technical Director, National Container Corp 
Long Island City, N. Y 

(Tappi, v. 33, n. 5, May 1950, p. 32A.) 


A gene ral dis« ussion or! tne long series of c 


mtrols 


necessary to produce Satistactory containers The 
author stresses the need for clea: sper ifications. good 
testing la ilities, and a resp nsible attitude for good 


- 
? " ? 
tne part of all concerned 


quality or 


ENGINEERING AND EXPERIMENTS 


PRACTICAL ENGINEERING USES OF PROBABIL- 
ITY PAPER—Part II; A. Boyajian, G. E 
Pittsfield. Mas 

(General Electric 

Part I of this 
General Electri 
IQC bibliography 


Company 


July 
1950 
the S« ptembe ! 


1950 p 4] ) 


issue of the 


Rev lew V 53 n 7 
June 


listed in 


paper, in the 
Review Was 
Part Il 


concludes the discussion 


on the use of probability paper for the analysis of 
distributions. Contains a table of probability integ- 
rals, with illustrations of its uss 


PART IN 
Navarre & 


DISCUSSION ON “THE STATISTICAL 
WELDING INVESTIGATIONS N. L 
W. E. Clautice 

(The Welding Journal, v. 29, n. 9 

Mr. Navarre and Mr. Clautice 


May 


des 


1950, p. 262-s.) 
ribe an 


applica- 


tests by a 


tion ol tatistical planning of laboratory 
method of randomizing factors. This is an application 
of the material covered in the article “The Statistical 


Day in the 
This article 


of IQC 


Part in Welding Investigation’ by B. B 
Welding Journal v. 28, n. 10, Oct. 1949 
: May 1950 issue 


vas also reviewed in the 


MANAGEMENT AND PERSONNEL 
INCENTIVES FOR QUALITY: Prof. W. A 
Crehan, Jr., Dept. of Administrative Eng 
New York University 

(Advanced Management, v. 15. n. 4 

A short discuss 


and 


April 1950, p. 8.) 


ion of incentive plans for inspecto! 


standards by which inspection efficiency can be 


measure d 


MISCELLANEOUS 


ASPECTS OF INSTRUMENT DE- 
Eisenhart, Chief, Statistical Engi 
National Standards 


OPERATIONAL 
SIGN; Churchill 
neering Laboratory, 
Washington, D. C 

110. n. 2858. Oct. 7 


it directly 


B ireau ol 
(Science, \ 1949, p. 343.) 
an article on Statistical 


ImMpo! 


This is n¢ 
Control but it is ol 


Quality 


practical tance to every 


quality control man who gets his data from measur- 
ing instruments 

Mr. Eisenhart points out the tendency to place in- 
questioning trust in our instruments, and suggests 
that while this may be J istified in the case of time 


tried designs, it is not always warranted in the case 


designs or where unusual conditions prevail 


ustrates his point with refe to auto- 


rence 
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or" 


atic sights tor aircraft use in 


Werld War TI. and to 


Errors due lo ex- 


] 
optical 
range finders 
ternal causes, and to the physio- 
, . . ‘tor — 
iogical and psycnoilogical liimi- 
ato! 


tations of the Numan ope! 


are discussed. It is only when 
such factors are fully considered 
by both designer and user that 
modern instruments can serve 


tnel full 


purpose 
SAMPLING PLANS AND RE- 
LATED TOPICS 
THE THEORY 
INSPECTION 
Hamake1 
(Philips Technical Re VIeW \ 1] 
n. 9, March 1950, p. 260.) 
of three 


OF SAMPLING 
PLANS; H. C 


Dec ond in a series 
! 
ticies A 


comparison ol the 


review ana 
different 
sampling-inspection system 


Details of the mathematical ex- 


tec hni al 


pression of the operating char- 


acteristics of sampling plans are 
discussed Use of average sam- 
and efficiency curve 

first of this series 


yn of Sampling 


ple size 
also noted. The 
is “Lot Inspectic 
by H Cc Hamaker in 
Technical Review \ 1] n. 6 
Dec. 1949, p. 176 
THE PRACTICAL APPLICA- 
TION OF SAMPLING INSPEC- 
TION PLANS AND TABLES 
H. C. Hamaker, J. J. M. Taudin 
Chabot, and F. G. Willenze 
(PI ilips Technical Review, \ 1] 
n. 12, June 1950, p. 362.) 
This article, last in a serie: 
three, continues the discussion 
of the operating characteristics 
ete I sampling plans by H.C 
Hamaker in the March 1950 
sue of Philips Technical Re- 
view The “Philips Standard 


Sampling System” (SSS) 

given. This consists of single and 
double sampling plans listed by 
lot size and Point of Control 


Point ol Control may be de fined 


as tne point on tne siope or tne 
yperating characteristi epa- 
rating ine Good Irom the 
3ad’ q iality lot Single an 
pling plans are for lots of 1,000 


inits o1 


unde: Double amplir 
over 1.000 unit na t 


SAMPLING IN RELATION TO 
SPECIFICATIONS CONCERN 
ING DEGRADATION OF TEX 
TILE MATERIAL: H. P. St 
ournal of the Textile Instit 
(Transactions) 41, n. 4. Ap 
1950 p. T 145.) 


(J 


1950 


NOVEMBER 





THEORY 


I isk cone ept 


applied to the 


Statistics and the 
in sampling is 
testing of textiles to sample fol 
the degradation effects of pack- 
aging, contamination, treatment 


et As such testing 


nature, the 


is destruc- 


tive in problem of 


getting reasonable assurance 


without excessive costs in sam- 


ple S presents itself 


AND APPLICATION— 


GENERAL 
AND YOUDEN 
SQUARES (Statistical Design 
for Greater Precision) (The 
Technical News Bulletin of the 
National Bureau of Standard 
34. n. 5. May 1950 p 69.) 
The al 


mental procedure and 


LATIN 


rangement or expel 

data to 
eliminate the effect ot po ible 
uncontrolled variable can do 


: , 
much to improve the re liability 


ot any result A the precision 
ol measurement mprove th 
can be of increasing importance 
Illustrations of such arrange- 
ments are given in the use of the 
Latin and Youden quare 
Work I thi field he Ingg Cal 


ried on by W. J. Youden, Sta 
tistical Ens 
National Bureau « 
MISUSE OF THE 
DEVIATION 
(The 
the National 


ineering Laborato! \ 


if Standard 


Technical Ne VM Bulletin 
Bureau of Stand 


AVERAGE 


ards, v. 34, n. 1, January 1950.) 

Th article discuss« the use 
of the average deviation and it 
value in giving an estimate ol 
tne precisio1 ol individual 


measurements As the estimat« 


tne average deviation will 
ary with and depend upon 
SiZe it doe not give a 


ampie 
re liable Ol comparable measurt 


tne precision 
STATISTICS 
WHY STATISTICS? P. C. Mahal 


anobi President, Indian S« 


ne 
Feb. 1950. p. 1, Suppleme: 
This was an addre give i 
he J37tl of the India 
> ©! ( Cor re at P Na Ja 
; 1950 Ir 1 tne I ine 
n rahe 
prese ted 
‘ ept Isec r i 
t I (E () 


In a general way, Statistics as 
applied to many fields and in 
many countries is reviewed 


with emphasis on the political 
and sociological aspects thereof 

SCATTER CHART AS A PRAC 
TICAL TOOL A SIMPLE 
MEANS OF PRESENTING 
JOINT TWO-WAY INFLU- 
ENCE: J. V. Sturtevant 

(American Statistician, v. 4, June 
July, 1950, p. 20.) 

ON THE DETERMINATION OF 
OPTIMUM PROBABILITIES 
IN SAMPLING: M. H. Hansen 
and W. H. Hurwitz 

(Annals of Mathematical Stati 
ti v. 20, Sept. 1949, p. 426) 

SPREAD OF MINIMA _ OF 
LARGE SAMPLES: B. McMil 
lan 

(Annal of Mathematical Stati 
ti v. 20, Sept. 1949, p. 444) 

TABLES OF SEQUENTIAL IN 
SPECTION SCHEMES TO 
CONTROL FRACTION 
DEFECTIVE: F. J. Anscombe 

(Royal Statistical Society Jour 
nal, v. 112, 1949, p. 180) 

ON ESTIMATING THE MEAN & 
STANDARD DEVIATION OF 
TRUNCATED NORMAL DIS 
TRIBUTIONS; A. C. Cohen, J1 

(American Statistical Associatior 
Journal, v. 44, Dec. 1949 p. 518) 

ON THE BEST CHOICE OF 
SAMPLE SIZES FOR A T 
TEST WHEN THE RATIO OF 
VARIANCES IS KNOWN: E 
Walsh 
(Americat 
Journal 14, Dex 


ociation 


Statistical A 
1949, p. 554) 
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The Fifth Midwest 
Committee na very 
over to the Sox ety the re 
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VOeNnerOU ly 
turned 
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pel re 
Convention. The Society very 
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AMERICAN SOCIETY NEWS 


NOMINATING COMMITTEE 


As provided by the Constitution 
this Committee of the 
Junior Past President and one Di- 
rector appointed from each Region, 


consists 


such appointments to be made by 
the President 


The President 


charged his obligation in this re- 


having duly dis- 
gard, the Nominating Committee for 
1950-51 is constituted as follows 


CHAIRMAN: Ralph E. Wareham 


Junior Past Presi- 


dent 
NEW Dorian Shainin 
ENGLAND: Director, Hartford 
Section 
MIDDLE Eugene H. Mac- 
ATLANTIC: Niece 
Director Metro- 


politan Section 


NORTHERN: Wilbur L. Burns 


Director, Buffalo 
Section 
CENTRAL: Ralph A. Hefner 
Director, Georgia 
Section 
MIDWEST A. C. Richmond 
Director, Illinois 
Section 
WESTERN Wyatt H. Lewis 


Director, Califor- 
nia Section 


This Committee has been charged 
with exercising its duties so as to 
comply with Constitutional require- 
ments on submission of a slate of 
officers in ample time for publica- 
tion as provided 


EXECUTIVE COMMITTEE 1950-51 


having 
been duly chosen to succeed all of 


New Regional Directors 
those whose terms have expired, the 
Executive Committee of the Society 
for 1950-51 is now complete and is 
constituted as follows 


CHAIRMAN 
Wade R. Weave: 
Martin A 

President 

SECRETARY 

Simon Collie: 
Secretary 

Ralph E. Wareham, Junior Past 

President 


Alfred L. Davis, Treasurer 


President 


Brumbaugh, Vice- 


Executive 
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Mason E. Wescott, Chairman, 
Editorial Board 

Dorian Shainin, Regional Direc- 
tor—New England 

Besse B. Day, Regional Director 

Middle Atlantic 

O. Herbert Somers, 
Director—Northern 

Edward M. Schrock, Regional 
Director—Central 

Raymond S. Saddoris, Regional 


Regional 


Director—Midwest 
Wyatt H. Lewis, Regional Di- 
rector—Western 


The new Executive Committee 
held its first meeting on Saturday 
and Sunday, August 12 and 13, in 
New York City. 


taken at that meeting is reported 


Important action 
below 


CONVENTION NEWS 


The 1951 National Convention will 
be held in Cleveland on Wednesday 
and Thursday, May 23rd and 24th 
General Convention headquarters 
will be Hotel Cleveland but activi- 
ties will center around the Cleveland 
Public Auditorium. These facilities 
are recognized as among the finest in 
the country and should prove admir- 
able for the type of convencion 
which it has been our custom to 


hold 


The large main Arena will pro- 
vide both exhibit space and dining 
area. The Fifth ASQC Convention 
Committee has laid out an exhibit 
area comprising some sixty attrac- 
tively decorated booths and a din- 
ing area capable of providing seat- 
ing capacity for fifteen hundred. 
Plans are well under way to make 
this, the first completely National 
Convention, the largest and most 
inviting one to date 


Excellent facilities for clinics, fo- 
training sessions are 


permitting 


rums, and 
available, the simulta- 
neous conducting of seven sessions 
As a result of the continued strong 
demand for basic education in Qual- 
ity Control procedures, your Pro- 
gram Committee has arranged for a 
sound educational program on fun- 
damentals. In addition, there will 
be a comprehensive program of in- 
terest to as broad a field as prac- 
ticable. Sessions of particular in- 
terest to the fields of Automotive, 
Aircraft, Chemical, Electronic, Steel, 
Rubber, Food and Drugs, Gaging 


and Inspection, Mathematical Statis- 
tics, Armed Services, etc., have been 
designed to cover a wide variety of 
phases and problems. Everyone, re- 
gardless of his interest or develop- 
ment level, will find a variety from 
which to select. More complete pro- 
gram details will appear in the 
January issue. = 


It is now time that you started 
laying your plans; obtain clearance 
from the “boss”, save your pennies 
for the wife’s new hat, and prepare 
to come to Cleveland to help build 
“TODAY'S FOUNDATION FOR 
TOMORROW'S REPUTATION.” 


The Society’s General Convention 
Committee announces that the 1952 
Convention will be in Syracuse and 
that Philadelphia will be host to the 
1953 Convention. 


“QUALITY CONTROL FAIR” 


An innovation in Sectional meet- 
ings is the December meeting of the 
Toledo Section which is being pub- 
licized as a “Quality Control Fair.” 
Replacing the components of the 
somewhat conventional meeting will 
be a large exhibit of the “tools and 
gadgets of Quality Control and how 
they work.” Included under this 
category are such items as graph 
calculating devices, educa- 
tools and gages, etc 


paper, 
tional aids 
Supplementing this, it is planned to 
have nearby manufacturers exhibit 
and explain how quality control 
procedures have aided them 


Attendance will be open, not only 
to Society members, but to all other 
technical societies by invitation, to 
the members of the Foreman’s Club 
of Toledo, and to the representatives 
of manufacturing companies. This 
promises an extremely interesting 
evening for December 6, 1951, at 
the Macomber Vocational High 
School, 15th and Monroe Sts., Toledo, 


seven to ten o'clock. 
BOARD OF DIRECTORS 


The terms of office of Directors 
representing the following Sections 
expired on June 30, 1950: Buffalo, 
Chicago, Cincinnati, Dayton, Den- 
ver, Georgia, Greater Muskegon, 
Illinois, Iowa, Milwaukee, Muncie, 
Northeast Indiana, Pittsburgh, Rock 
River Valley, St. Louis, Southern 
Tier, Tennessee, Toledo, Toronto, 
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Washington. The term of office of a 
National Director is two years, the 
terms of the Directors from half of 


the Sections expiring each year 
Those Sections have now chosen 
their Directors to represent them 


for the period ending June 30, 1952, 
and the Board is therefore consti- 
tuted as follows: 


President: Wade R. Weaver 

Vice-President 

Martin A. Brumbaugh 
Simon Collier 


Alfred L. Davis 


Secretary 

Treasurer 

Jr. Past President: 
Ralph E. Wareham 

Chairman, Editorial 


Board: Mason E. Wescott 


NEW ENGLAND REGION 


Leonard A. Seder 
Dorian Shainin 


Boston: 
Hartford 


New Hampshire: 
Herman D. Edgerly 
Rhode Island: Roy K. Volkman 


So. Connecticut 
Welton D. Parker 

Western Mass. 
Gerald H. Cassady 


MIDDLE ATLANTIC REGION 


Besse B. Day 

Delaware Joseph R. Nixon, J: 

Metropolitan, N. Y. 

Eugene H. MacNiece 
Robert S. Inglis 


Baltimore 


Philadelphia 


Washington, D. C 
Churchill Eisenhart 


NORTHERN REGION 


Buffalo Wilbur L. Burns 
Mid-Hudson O. H. Somers 
Montreal, Que B. H. Lloyd 
Rochester Halsey H. Kent 


Southern Tier 
I. Glenn Stevenson 


Joseph R. Sadowski 
R. J. D. Gillies 


Syracuse 


Toronto, Ont 


CENTRAL REGION 


Maurice Rosenblatt 


Warner C. Nethero 


Cincinnati 


Colu m bus 


NOVEMBER, 1950 


Max Astrachan 
Erie Edward M. Schrock 

Ralph A. Hefner 
Leo R. Harrington 


Dayton 


Georgia 
Michigan 
Greater Muskegon 
Charles A. Lutrey 
Stephen C. Bates 
H. L. Springer 


Ohio 
Pittsburgh 


Tennessee 
Thomas R 
Nelson G. Meagley 


Bainbridge 
Toledo 


MIDWEST REGION 


Henry J. Becket 
Dale L. Lobsinge: 


Chicago 
Denver 
Illinois 


Indianapolis 
George W. McDermott 


lowa Frederick J. Halton, J: 


Milwaukee: 
Raymond 8S. Saddoris 
Guy G. Parkin 
Munice James W. Fodrea 
N. E. Indiana Richard D. Long 
Rock River Valley 
C. A. Samuelson 
Kort K. Pfabe 
Noel 


Minnesota 


St. Louis 
South Texas =i 


WESTERN REGION 
Wyatt H. Lewis 


California 


San Francisco 


Bay Area Eugene L. Grant 


EXECUTIVE COMMITTEE MEETS 


The President gave a report of his 
activities since assuming office July 
Ist, and presented for approval by 
the Committee his appointments to 
the various Society committees 


The Montreal Section was ac- 
cepted as the 43rd Section of the 
Society and placed in the Northern 
Region. The Secretary reported on 
increased activity 
mation of further new Sections i: 
the following areas: Evansville, Ind 
Parkersburg, W. Va.. Schenectady 
North Carolina, New Mexico, and 


toward the for- 


Seattle, Washington Not only art 
1950-51 dues being received in a 
gratifying manner, but also new 
memberships continue to come in 


most encouragingly 


A complete revision in the So- 


A. C. Richmond, 





Folde 


discussed and ac- 


ciety General Information 
was presented, 
cepted; this new Folder should be 
available to all Sections very 


shortly 


Plans for increasing the size of 
Industrial Quality Control from a 
standard -32 page issue to 40 pages 
This means an in- 
crease of about 30° in the budget 


Complete details 


were presented 


for publications 
were also presented on the Second 
Class Mailing Permit for which the 
Society has applied. This will ulti- 
mately materially reduce the dis- 
tributional of I1QC. The 


September issue was the first to be 


expense 


mailed under this new system. Othe1 
steps in the direction ofe*an im- 


proved magazine, with increased 
economies proportionately, were dis- 
cussed and plans made to imple- 


ment them 


The Fifth ASQC Convention Com- 
mittee was made the Society’s agent 
to conduct the 1951 Convention in 
Cleveland. A general plan for policy 
at National levels on Conventions 
was agreed upon and from now on 
National Conventions are to be truly 
National! in character. The Society's 
General Convention Committee will 
be fortified by the addition of othe 
members and this group will serve 
to guide the local committees and 
assist particularly on the subjects of 
exhibits, programming and finance 


The formal petition of the Phila- 
delphia Section was accepted, and 
the 1953 Convention was allocated 
to that Section, with the understand- 
ing that assistance and cooperation 
was to be afforded by the othe 


Middie Atlantic Region Sections 


The President's budget, expressing 
an anticipated income total of 
$31,245 and anticipated expenses to 
taling $29,150, was 
Total expense of publica 


presented and 
accepted 
depicted by this budget 
$4.44 per 
member. An accompanying decrease 
in the National Offices 
to $2.97 per member puts this figure 
at its lowest since 1946-47 A pro 
posal to further reduce the total of 
this latter cost by about $1,000 pe 


presented and a committee 


tions as 
has been increased to 


operating cost 


YCar Was 


appointed to study it furthe: 


The Secretary reported that the 
Society membership total at the end 
of the fiscal year June 30, 1950, wa 
3.510. There were also 305 institu 
tional subscribers to IQC As of 
August 11, 1950, we had received an 
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additional 78 new members and 14 
new institutional subscriptions 


It was reported that 30 of the 42 
Sections had availed themselves of 
the National Office billing service. 
Of this number, 18 had adopted the 
standard recommended $4.00 local 
Section dues for all grades of mem- 
bership, thus making it possible for 
the bills to be sent to the individual 
members direct from the National 
Office. It is recommended that Sec- 
tions which have not yet adopted 
these standard dues give serious 
consideration to doing so this year. 
Such action will lead toward greater 
economies all around. 

Minutes of the Board of Directors 
meeting at Milwaukee, June 3, 1950, 
were distributed to the Regional Di- 
rectors, one copy for each Section in 
their respective Regions, so that they 
might be distributed to the various 
Directors under a covering letter 
from the Regional Director 

The Constitution and By-Laws 
Committee is presently engaged in 
incorporating in the Constitution the 
changes approved by the member- 
ship at the Annual Meeting in Mil- 
waukee, June 2, 1950 


COMMITTEE APPOINTMENTS 

The President announces the fol- 
lowing appointments to General and 
Special Committees 

Robert E. Wagenhals, (Columbus 
Section), Timken Roller Bearing Co., 
Canton, Ohio, as Vice-Chairman of 
the Advertising Committee 

Professor John A. Henry (Illinois 
Section), University of Illinois, Ur- 
bana, Illinois, as Vice-Chairman of 
the Committee on Education and 
Training 

Eugene H. MacNiece (Metropoli- 
tan Section), Johnson & Johnson 
Co., New Brunswick, New Jersey, 
as General Chairman of the Pub- 
licity and Public Relations Com- 
mittee 

Dr. Julian H. Toulouse (Toledo 
Section), Owens-Illinois Glass Co., 
Toledo, Ohio, as General Chairman 
of the Committee on Relations With 
Other Technical Societies 

Robert S. Inglis (Philadelphia 
Section), General Electric Co., as 
General Chairman of the Member- 
ship Committee 

Roland H. Noel, Chairman of the 
Chemical Technical Committee, an- 
nounces the appointment of the 
following additional members to his 
Committee 

E. C. Harrington, Jr. (Western 
Mass. Section), Monsanto Chemical 
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Co., Springfield, Massachusetts. 

Frank E. Satterthwaite (So. Con- 
necticut Section), General Electric 
Co., Plastics Division, Pittsfield, 
Massachusetts. This important Com- 
mittee is swinging into action and 
has considerable activity lined up. 

Dorian Shainin, Chairman of the 
newly formed Aircraft Technical 
Committee, announces the following 
additional appointments: 

Dale L. Lobsinger (Denver Sec- 
tion), United Airlines, Denver, Col- 
orado. 

John J. Riordan (Dayton Section), 
Quality Control Division, Wright- 
Patterson Air Force Base, Dayton, 
Ohio. 


SHEWHART MEDAL COMMITTEE 


In accordance with the rotational 
plan set up by this Committee, the 
terms of service of three of its 
members expired June 30, 1950. The 
Society herewith expresses its ap- 
preciation for loyal service to: 

Philip L. Alger, General Electric 
Company 

Ernest L. 
pany 

Charles A. Bicking, 
Powder Company 

The President has appointed War- 
ren R. Purcell as Chairman of the 
Committee, to succeed Mr. Alger, 
and the following to serve a three 
year term expiring June 30, 1953: 

Lloyd A. Knowler, University of 
Iowa 

Eugene L. Grant, Stanford Uni- 
versity 

Leslie E. Simon, Ordnance De- 
partment, U. S. A. 


‘ompleting the Committee of nine 


Fay, Deere & Com- 


Hercules 


~~ 


Andrew I. Peterson 

G. Rupert Gause 

J. Frederick Verigan 

Warren R. Purcell 

Charles E. Stines 

Paul A. Robert 

The Shewhart Medal is awarded 
each year to an individual noted for 
outstanding leadership in the field 
of modern quality control. To select 
the 1950 Medalist, the Shewhart 
Medal Committee has been fully 
organized and activated, according 
to announcement by W. R. Purcell, 
Chairman 
Members of the Society, groups of 

members, or Sections may submit 
nominations for 1950 Medalist. It is 
urged that nominees be selected on 
a broad national and international 
scope pioneering in the 
field, promotion and 
management of quality contro! pro- 


Original 
successful 


grams, and service to the art and 
to the Society are among the factors 
which should be considered in se- 
lecting nominees. Membership in 
the Society is not in itself a require- 
ment for eligibility. 


Nominations should be sent di- 
rectly to W. R. Purcell at Brown 
Company, Berlin, New Hampshire. 
Nominations may be made at any 
time until the closing date of Janu- 
ary 31, 1951. Supporting evidence, 
listing accomplishments, etc., should 
also be sent by the nominators, 
either at the time of the nomination 
or subsequently, but in any case for 
receipt not later than February 9, 
1951. 

The Shewhart Medal will be pre- 
sented to the 1950 Medalist at the 
Cleveland Convention on May 23, 
1951. 


CONSULTING SERVICES 


Responsibility of the American Society for 
Quality Control, Inc., for Consulting Services 
advertising is limited to certification that ad- 
vertisers hold the grade of membership in the 
Society stated in their advertisements. Qual 
ification requirements for the several grades 
of membership are set forth in the Constitu- 
tion of the Society. 
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POSITION WANTED 


QUALITY CONTROL ENGINEER, 
43, College Engineer Graduate. With 
heavy experiences in organizing in- 
spection procedures for parts, fin- 
ished goods, and quantity gauging 
methods. Excellent experiences in 
control methods, process engineer- 
ing, job evaluation, systems analys- 
is, cost accounting. Desires respon- 
sible supervisory position. Write to 
7Cl1, American Society for Quality 
Control, 22 East 40th Street, New 
York 16, New York. 
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GAGES « MEASURING 





ONLY THE BEST GAGES 


FOR QUALITY CONTROL: 


Control charts compare measurements of present 
product with those of the past. Only the very best 
gages are good enough to have measured the 
past—only the very best are good enough for 
the present. Without truly accurate measure- 
ments then and now, quality control is but a myth. 

Defects are prevented before they are made 
when machine operators are provided with the 
best indicating gages to show them ‘where they 
are going.” This is just as true in Receiving and 
Final Inspection—and for spot check and full 
lot inspections. 

You'll find “It's Wise and Thrifty to Specify 
Sheffield” gages and measuring instruments for 
your quality control inspection. Because of its 
world-wide experience, Sheffield has been ac- 
cepted as headquarters for single and multiple 
dimension, semi and fully automatic gaging 
equipment. This wealth of experience is yours 
to draw upon—no obligation. 


Write for catalogs. 





INSTRUMENTS « MACHINE 





Quality control checking of connecting rods on Sheffield 
Precisionaires at one of our leading automotive plants. 


fa 
ae, 


? 
( 


INCOMPARABLE VISUAL GAGES 

Amplifications from 500 to 10 000 

01 «+ Infinite variety of anvils 

accessories and thread checking 

equipment « Most durable and Ny 


trouble-free comparator ever made. ae 


FAMOUS COLUMN PRECISIONAIRES 
1M, 2M, 5M, 10M; 20M 
40M amplifications . }. rw 
i. or 5 columns . Greatest linear 
‘ >’ scale range « An unsurpassed 
experience in deve) 
S&S F 


oping int 
and external air gaging p cnc 





STURDY DIAL SNAP 


This is the workhorse 

of di 
ae Snap gages « Availabie 
_- 2 models covering 1” to 12” 
ange + Each adjustable for one 
inch « Used manually Orin a stand, 





DEAD-STOP DIAL PRECISIONAIRE 


Built to “take it” 
withstands abuse « Indicates “on 
ji __* Lightning - quick 
ad-stop indicator action + Ad.- 
ae type adjustable dial with 
urate even-spaced linear scale. 


+ Ruggediy 





corporation 
Dayton 1, Ohie, U. $. A. 


TOOLS « CONTRACT SERVICES + THREADING TOOLS 








NOW, 


not later — 
is the time to gage-up ww 


output. 


with 


/ 


INDICATING GAGES 


Now, while you are getting set to produce government 
contract ~vork, consider dimensional control gages. Begin- 
ning right now, is when you'll need to make workpieces 
right the first time. 


New tools alone won't assure quality production or high 
Nor will old-type gages tell you how you're doing before 


it’s too late. Old-type gages are merely “‘second-guessers’’ — they 
weed out the bad pieces from the good. Modern Federal Indicating 
Gages show you what's up ahead. They point out production trends 
so you can remedy machine set-ups and tool settings before produc- 
tion goes scrap-happy. 


Here’s what you get when you gage-up with 
FEDERAL Indicating Gages: 


1 
2 


3 


4 


Federal offers all types of gaging systems: mechanical, electrical, 
electronic, and air. 


Federal offers the most complete variety of Dial Indicators, Dial 
Indicator Gages, Multiple Inspection Gages, Continuous Measur- 
ing Gages, and Automatic Sorting Gages for dimensional control 
of any type of product. 

Federal offers the benefit of experience gained in designing over 


20,000 Indicating Gages. . . for all types of dimensions and for all 
classes of industries. 


Federal offers a nationwide sales engineering organization — ready 
to serve, ready to help you get the right gage for your requirements. 


Write today, giving complete details of your present or projected 
dimensional control problems. Federal Products Corporation, 1511 
Eddy St., Providence 1, R. I. 


FEDERAL 


Largest manufacturer devoted exclusively to designing and 


manufacturing gill types of DIMENSIONAL INDICATING GAGES 


\\ | ea 
~ 







Indicating Snap Gage Model 1000 Series 





Automatic Sorting Gage 





Multiple Depth Gage Model 247 B-174 










